Psychological Review 


EDITED BY 


CARROLL C. PRATT 
PrincEToN UNIVERSITY 





CONTENTS 


Stimulus Intensity Dynamism (V) and Stimulus Generalization: 
Crark L. Hutt 67 


Behavior Oscillation and the Growth of Preference: J. C. Taytor 


Motivation, Perception and Attitude Change: 
A. H. Hastorr anp A. L. Knutson 88 


Some Psychological Implications of Cortical Suppressor Areas: 
F. Nowext Jones 95 


Food-Seeking Drive, Affective Process, and Learning: 
Paut Tuomas Younc 98 


PUBLISHED BI-MONTHLY BY THE 
AMERICAN PSYCHOLOGICAL ASSOCIATION, INC. 
PRINCE anv LEMON STS., LANCASTER, PA. 
anpD 1515 MASSACHUSETTS AVE., N. W., WASHINGTON 5, D. C. 


$5.50 volume $1.00 issue 


Entered as second-class matter July 13, ” 62 ee Pa., under Act of Congress of 


the special 
Acceptance for ww pallies ¢ at oul ot postage rie a in the 3 hy Pay * ys 28, 1925, 











COMPLETE MEMBERSHIP LIST 
Approximately 7,000 names 


The American Psychological Association main- 
tains an address list of its members and afiiliates, 
which is for sale providing the nature of its use is in 
conformity with the purposes of the Association. 


Addresses on tape, not gummed 
(suitable for a mailing machine) 


STATE LISTS 
Priced according to number of names wanted 


SUPPLEMENTARY LISTS 


Approximately 3,000 names in total list 
Individual journal lists vary from 400 to 1,500 names 


The Association also maintains a list of subscribers 
who are not members of the Association (universi- 
ties, libraries, industrial laboratories, hospitals, other 
types of institutions, and individual subscribers). 
The general list for all journals includes all types. 
Each single journal has a more specialized circulation. 


For any one journal, envelopes addressed .... $15.00 
For any one journal, addresses on tape 

For all journals, envelopes addressed 

For all journals, addresses on tape 


For further information, write to 


American Psychological Association 
1515 Massachusetts Avenue Northwest 
Washington 5, D. C. 











VoL. 56, No. 2 


Marcu, 1949 


THE PSYCHOLOGICAL REVIEW 





STIMULUS INTENSITY DYNAMISM (V) AND 
STIMULUS GENERALIZATION 


BY CLARK L. HULL 


Institute of Human Relations, 
Yale University 


INTRODUCTION 


There seems little doubt that a gen- 
eral dynamic molar law based on stim- 
ulus intensity (1) exists and functions 
on a large scale. We propose to call 
this principle stimulus intensity dy- 
namism (V). The concrete manifes- 
tations of this law have frequently 
been observed by experimentalists, 
especially in connection with the phe- 
nomenon of stimulus generalization, 
which explains the conjunction of the 
two principles in the title of the pres- 
ent article. We shall begin by exam- 
ining some of the concrete phenomena 
so far reported, after which we shall 
attempt to arrive at a more precise 
though provisional formulation of the 
law and its joint action with stimu- 
lus intensity generalization in the 
determination of reaction potential 
magnitude. 


SoME EXAMPLES OF STIMULUS 
INTENSITY DYNAMISM 


We turn first to a stimulus-intensity 
generalization study carried out by 
Hovland (6) on human subjects. 
When the generalization effects of four 
sound intensities employed were pre- 
sumably equalized, the amplitudes of 


galvanic skin reactions averaged 10.1 
for a stimulus of 40 decibels and 16.55 
for a stimulus of 86 decibels, the num- 
ber of reinforcements and everything 
else being constant. This greater re- 
sponse to a more intense stimulus is 
believed to involve stimulus-intensity 
dynamism. 

J. S. Brown (1) tested the adient 
pull of rats to go to food which was 
associated with screens illuminated to 
the extent of .02, 5.0, and 5000.0 ap- 
parent foot candles. His report shows 
that when the sensory generalization 
effects were presumably equalized the 
pulling responses of his animals were 
61.5 grams for .02 apparent foot 
candles, and 70.5 grams for 5000 foot 
candles. This greater response to a 
more intense stimulus is a clear case of 
stimulus-intensity dynamism. _Inci- 
dentally it serves as an operational 
definition of the concept with which 
we are here primarily concerned. 

Spence carried out a study (8) in 
which rats were trained to discrimi- 
nate black from white, the two stimuli 
being presented simultaneously. He 
found that, other things equal, the 
rats trained to go to white made only 
6.5 errors by going instead to black, 
whereas those trained to go to black 
made 19.3 errors by going instead to 
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white. This is a third case of stimu- 
lus-intensity dynamism. 

At about the same time, Ruth Hays 
carried out in the writer’s laboratory 
an unpublished study in which 20 rats 
were trained to jump against a black 
card for food and 20 others were 
trained to jump against a white card 
for equivalent food, the cards in this 
case always being presented singly. 
Equalizing other factors in the situa- 
tion, the latencies of the jumps to 
white averaged 1.70 seconds, whereas 
those to black averaged 7.54 seconds. 
Since white is a stronger light stimulus 
than black and a reaction latency of 
1.70 corresponds to a greater reaction 
potential than does 7.54, this is a 
fourth case of stimulus-intensity 


dynamism. 

In 1886 James McKeen Cattell (2) 
carried out a meticulous study on two 
human subjects in which six different 
light intensities were used as the sig- 


nal in a reaction-time experiment in 
which the hand was lifted. The 
means of the two subjects showed a 
consistent decrease in latency as the 
stimulus increased in intensity, the 
extreme mean latencies being .280 and 
.169 seconds, where the corresponding 
light intensity extremes were in the 
ratio of 1 to 1,000. This is accord- 
ingly regarded as a fifth case of 
stimulus-intensity dynamism. 

More recently, Piéron (10) has re- 
ported analogous experiments with 
human subjects involving the effect 
of intensity of stimulations on reaction 
time in the cases of both hearing and 
taste. Both functions were found to 
be strikingly uniform and in agree- 
ment in showing that the stronger the 
stimulus, the shorter is the reaction 
latency and so the greater the reac- 
tion potential, quite as Cattell found.! 

1 The two Piéron studies and that of Cattell 
are cited by Rashevsky (11) and by House- 


holder and Landahl (5), where they are given 
a mathematico-neurological interpretation. 


Finally, Hilgard and Marquis (4, p. 
141 ff.) mention some conditioned-re- 
flex studies which “‘demonstrate that 
response strength is a function of 
stimulus intensity, . . .” 

In summary of the above facts it 
may be said that seven experiments 
appear to have uniformly found a defi- 
nite tendency, other things approxi- 
mately equalized, for trained re- 
sponses to have a greater reaction 
potential (sEr) as the stimulus in- 
creases in intensity whether tested by 
reaction latency, amplitude, or inten- 
sity. Accordingly the principle may 
be considered as qualitatively well 
established. 

There remains the problem of stat- 
ing the specific quantitative law of 
the functionai relationship. Unfortu- 
antely the evidence on this more pre- 
cise but scientifically necessary aspect 
of the question is far less satisfactory. 
For example, ideal evidence on this 
point might be furnished by an experi- 
ment like that of Hays, described 
above, if a number of other squads of 
animals were trained, each on a differ- 
ent known shade of gray as well as on 
black and white. The asymptotes of 
the several learning curves as meas- 
ured in sEp’s could then be expressed 
in a fitted equation stating the func- 
tional relationship of the several 
asymptotes to the associated light in- 
tensities. This would be the law of 
sEr = V = f(i). In the absence of 
such direct evidence we must make 
the best shift we can with the indirect 
evidence at present available. 

The first data bearing indirectly on 
the quantitative functional relation- 
ship, V = f(z), are those yielded by 
Brown’s study just mentioned. In 
addition to the two means secured by 
averaging the opposite ends of his 
two stimulus-generalization gradients, 
there is also the average of the two 
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Fic. 1. Mean strength of conditioned 
adient pull of rats to food associated with 
lights of different intensity, generalization 
effects presumably equalized. Plotted on a 
logarithmic scale from values secured from 
Brown's data (1). Note that the distance on 
this scale from .02 to 5.0 is appreciably less 
than that from 5.0 to 5000.0. 


approximate middles. All three val- 
ues are shown graphically in Fig. 1. 
There it will be noticed that the rela- 
tionship is nearly linear. In this con- 
nection it must be pointed out that 
stimulus generalization gradients of 
reaction potential are in general con- 
cave upward (7) and that averaging 
the middles of two such gradients will 
also yield a curve that is lower at its 
middle as related to the two ends than 
would be true for the undistorted rela- 
tionship of stimulus-intensity dyna- 
mism to sEr. This means that if 
Fig. 1 were corrected for this factor, 
its nearly linear shape: would very 
probably become one of at least an 
appreciable convexity upward. It 
may be added that while strength of 
pull clearly is not sEr, the two phe- 
nomena are evidently increasing func- 
tions of each other and the relationship 


is presumably fairly linear throughout 
the main part of their ranges. 


THE QUANTITATIVE LAW OF STIMU- 
Lus INTENSITY DyNAMIsM (V) 
AS A FUNCTION OF STIMU- 

Lus INTENSITY (1) 


Our second indirect evidence bear- 
ing on the quantitative functional re- 
lationship of sEr = V = f(t) is some- 
what more specific, though again there 
is some uncertainty. As already sug- 
gested, Cattell’s study is believed to 
give positive qualitative evidence on 
stimulus-intensity dynamism. Here 
it must be noted that six intensities of 
light stimulus yielded six mean reac- 
tion latencies from each of two sub- 
jects. Table I shows the light inten- 
sities and the corresponding mean 
latencies of the two subjects on a 
hand-lifting response, as calculated in 
the writer’s laboratory. The func- 
tional relationship of the two vari- 
ables was found to be almost per- 
fectly fitted by the equation, 


str = .113 X 10-59 oe * + 167, (1) 
This is presented graphically in Fig. 2. 
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Fic. 2. Curve based on the means of the 
mean reaction latencies of two human subjects 
to light stimuli of different intensities. The 
original data were published by Cattell (2). 
The equation was fitted by H. C. Wilcoxon, 
the mean square deviation of the fit being .001. 
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TABLE I 


Cattell's reaction-time resu!ts to various light intensities (2) with theoretically 
equivalent reaction potentials as calculated by us. 








1 | 7 23 


123 | 315 | 1000 





Mean reaction latencies (str) .280” 


205” 


174” 170” | 169” 





Theoretically equivalent reac- 
tion potentials (sEr = V) 


Light stimulus intensities (2) | 
| 


| 
89 | 
| 


1.14 


1.28 1.29 1.30 














In our proposed interpretation of 
this law it is tentatively assumed that 
the reaction potential involved is es- 
sentially that of stimulus-intensity 
dynamism. Now, the incidental me- 
diating computations are such that 
this equation will need to be used with 
an equation involving rat reaction 
latency, which is much slower. For 
that reason the equations of different 
origin must be adjusted so far as 
possible to what they would be if they 
were from the same origin. We have 
found that the medians of our rat 
latencies are roughly 13.6 times as 
long as Cattell’s mean human reac- 
tions. We accordingly multiply the 
.113 and the .167 of equation 1 by 13.6, 
which yields the following equation: 


ste = 1.54 X 10-*9 !@* 4+ 2.27. (2) 


We next note the following equa- 
tion, which was fitted to some of our 
own empirical (rat) data (3): 


sEr = 2.845(str)~-** — .599. (3) 


Now, substituting in equation 3 the 
values of str as it stands in equation 2, 
we have? 


sEr = V = 2.845(1.54 X 10--59 !e 
+ 2.27)--4 — .599. (4) 


? V isan expository device employed to indi- 
cate a theoretical reaction potential (sER) in 
which the quantitative influence of stimulus- 
intensity dynamism is explicitly included. It 
will serve also to indicate this particular factor 
which contributes to the determination of 
reaction potential value much as do sHr and 


Thus we have in (4) an equation which 
purports to express sEp in terms of 1, 
which we have been seeking. For 
example, substituting the value of 
t = 7 from Table 1 into equation 4, 
we have 

V = 2.845(1. 


0--59 log 7 


x 1 
2.27)—-*# — .599 
1 
2 


54 

+ 
2.845(1.54 X 
+ 2. 


()— -59X 8451 


7)- 4 — .599 


1 
2.845 (1.54 x 3.152 


—.483 
+ 2.27) — .599 


2.845(2.758)—-# — .599, 


V = 1.14. 


Performing the corresponding substi- 
tutions and computations for the re- 
maining stimulus-intensity values, we 
have the bottom row of values given 
in Table 1. 

The values in question are shown 
graphically in Fig. 3. There may be 
seen what purports to be a representa- 
tion of the functional relationship of 
sEp, 1.e., V, tot. In confirmation of 
our surmise based on the consideration 
of Brown’s graph, a clearly convex- 
upward curve is obtained. This will 
be used tentatively until a more direct 
and dependable determination becomes 
available. 

V. Subsequent workers will, of course, need 


to modify greatly the crude pioneering em- 
pirical evidence and equations here available. 
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Generalizing from the above con- 
siderations, we arrive at our primary 
principle or postulate of stimulus- 
intensity dynamism: 

Other things constant, the magnitude 
of the reaction potential (sErp, 1.e., V) 
has an increasing monotonic relation- 
ship to the intensity (1) of the stimulus 
in question, the increase taking place at 
a progressively slower rate according to 
the equation 


sErg = V = A(i — 107°"), (5) 


STIMULUS-INTENSITY DYNAMISM 
(V) AND STIMULUS-INTENSITY 
GENERALIZATION (sEp) 


So far as we can now see, equations 
4 or 5 and Fig. 3 represent a first ap- 
proximation to the molar law of stimu- 
lus-intensity dynamism in a form rela- 
tively uncomplicated by other prin- 
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Fic. 3. Theoretical reaction potential 
plotted as a function of stimulus intensity on 
the assumption that Cattell’s reaction laten- 
cies (2) represent approximately the dynamics 
of stimulus intensity (sErg = V). Appar- 
ently the unit of stimulus intensity used by 
Cattell was 12.5 times as great as the subjects’ 
stimulus threshold. Using the revised unit 
the curve falls to zero at a stimulus of 1 and 
the data are almost exactly fitted by the 
equation 

sEr = V = 1.328(1 — 10-440 los *), 


The fit was made by J. A. Antoinetti. 


ciples. On the other hand, the results 
of Hovland (6), Brown (1), and Spence 
(8) cited above appear with equal 
clarity to be produced by the joint 
action of stimulus-intensity dynamism 
and stimulus generalization (sEp). 
This necessarily raises the question of 
how these two molar laws interact 
and the characteristic results of this 
interaction. 

Let it be supposed that a stimulus 
which is subject to variability in in- 
tensity (i), such as that used by 
Cattell (2), is conditioned to a re- 
sponse at the weak extreme of its log 
intensity (intensity 1 = log 00, rows I 
and II of Table 2), with one group of 
subjects, and at the opposite or strong 
extreme of its log intensity (intensity 
1000 = log 3.0) with a second group. 
Then let it be assumed that the stimuli 
are tested for generalization at the 
middle point (logi = 1.5, row V, 
Table 2), and at the opposite extreme 
of stimulus intensity with each group 
of subjects. We assume as usual (7, 
pp. 186, 200) that the generalization 
gradient values are yielded by the 
equation, 


sEr = sEr X 10-*4, (6) 


where sEp is .89 at the weak intensity 
extreme and 1.31 at the strong inten- 
sity extreme (row III, Table 2), & is 
.15, and d is the difference between 
the log i of the point conditioned and 
of the point tested for generalization. 
In each case it follows that d is .00 
at the point conditioned and 1.5 and 
3.0 at the remaining two points. Sub- 
stituting these three d values in equa- 
tion 6 with sEpr at .89, we secure the 
stimulus generalization values appear- 
ing in row VI. Doing the same with 
sEr at 1.31 we secure the stimulus 
generalization values appearing in 
row VII. 

At this point we encounter the ques- 
tion of how stimulus-intensity dyna- 
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TABLE 2 


The various steps in the computations leading to the two generalization gradients as 
influenced by stimulus-intensity dynamism, rows VIII and IX respectively. 








Stimulus intensity (7) 


31.62 1000 





Logi 


1.5 3.0 





Equivalent reaction potential 
sEx = V 


1.24 1.31 





V ratio (V) based on log .00 


1.463 





V ratio (V) based on log 3.0 








1.000 








Simple generalization gradient start- 
ing at logi = .00 





Simple generalization gradient start- 
ing at log = 3.0 








Row IV X row VI 
sEr = sEr X V 





Row V X row VII 
sEr = sEr X V 











mism combines with stimulus general- 
ization on the same S — R connection. 
In order to expose the problem to in- 
vestigation in a definite manner we 
propose as a first approximation to the 
primary molar law involved the fol- 
lowing postulate: 


When stimulus-intensity generaliza- 
tion and stimulus-intensity dynamism 
are jointly acting on the results of the 
same learning, they combine by the 
multiplication of the stimulus general- 
ization value (sEr) by the ratio (V) of 
the corresponding stimulus-intensity dy- 
namism (V) divided by the dynamism at 
the origin of the stimulus generaliza- 
tion, 1.€., 


sEr = sEr X V. (7) 


The stimulus-intensity ratios (V) 
based on the origins of the respective 
stimulus generalizations are presented 
in rows IV and V of Table 2. Multi- 
plying each of the values of row IV by 


the corresponding generalization value 
of row VI, according to equation 7, 
we have the joint values given in row 
VIII. Similarly, multiplying the V 
values of row V by the generalization 
values in row VII, we have the joint 
values given in row IX. The values 
of rows VIII and IX are the joint 
results we have been seeking. The 
values in question are represented 
graphically in Fig. 4. 

Generalizing on the results particu- 
larly as shown in rows VIII and IX of 
Table 2, and relevant considerations, 
we arrive immediately at five corol- 
laries: 

The middle of a gradient which is 
convex upward must be greater than 
the mean of its twoends. Therefore, 
by row VIII, 


.89 + .462 


.736 > ) 


-736 > .676. 
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Accordingly: 

I. When a response is conditioned to 
a weak stimulus and generalizes toward 
a fairly strong extreme of the stimulus- 
intensity continuum, the resulting effec- 
tive gradient 1s convex upward. 


The middle of a gradient which is 
concave upward must be less than the 
mean of its two ends. Therefore, by 
row IX, 

—— 
14 <>: 
2 
74 < 814. 


Accordingly: 

Il. When a response is conditioned 
to the strong extreme of the above 
stimulus-intensity continuum and gen- 
eralizes toward the weak extreme, the 
resulting effective gradient 1s concave 
upward. 


By rows VIII and IX, 
1.31 > .89. 


POTENTIAL 
Z o 


& 


O——@ = THEORETICAL GENERALIZATION 10 
WEARER = STIMULUS = INTENSITIES 


REACTION 


3 


@—--O THEORETICAL GENERALIZATION TO 
STRONGER STIMULUS INTENSITIES 








3162 1000 


STIMULUS INTENSITIES (i) 


Fic. 4. Graphic representation of theo- 
retical stimulus-intensity generalization as 
modified by concurrent stimulus-intensity 
dynamism when extending from weak toward 
strong stimulus intensities and from strong 
toward weak intensities. Solid circles repre- 
sent the origins of the respective gradients. 


Accordingly: 


III. The origin of the gradient origi- 
nating at the stronger stimulus extreme 
will have a stronger reaction potential 
(sEr) than that originating at the 
weaker stimulus extreme. 


Other things equal, the more steeply 
a gradient slopes downward from its 
origin, the greater will be the quotient 
obtained by dividing the value of its 
origin by that of its termination. 
Therefore, by rows VIII and IX, 


89 1.31) 
462 ~ .318 


1.93 < 4.12. 
Accordingly: 


IV. The general trend of the joint 
sEp gradient originating at a weak stim- 
ulus intensity and generalizing toward 
stronger stimulus intensities has a 
smaller tendency to a downward slope 
than that extending in the opposite 
direction between the same stimulus 
intensities. 


By a simple inspection of Fig. 5 it 
follows that, 


V. The two gradients intersect at 
their midpoint. 


EMPIRICAL EVIDENCE CONCERNING 
THE SOUNDNESS OF THE THEO- 
RETICAL COROLLARIES 


We are fortunate in finding em- 
pirical evidence bearing directly on all 
five of our corollaries. This consists 
of the quantitative studies of Brown 
(1) and Hovland (6). Because the 
Cattell study, which was used to de- 
rive our equation tentatively express- 
ing the principle of stimulus-intensity 
dynamism, involved motor behavior, 
it is possible that the corollaries based 
on it may in some respects be com- 
pared more appropriately with the re- 
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Fic. 5. Graphic representation of em- 
pirical stimulus-intensity generalization as 
modified by stimulus-intensity dynamism 
plotted to correspond roughly to Fig. 4. 
(Plotted from data published by Brown, 1.) 


sults from Brown’s study, which con- 
cerns motor reactions, than with those 
from Hovland’s study, which concerns 
primarily glandular reactions. More- 
over, the Cattell and Brown studies 
both employed light stimuli of some- 
what similar magnitude. Neverthe- 
less the results of both studies, so far 
as they have a bearing on our corol- 
laries, are given—Brown’s results in 


Fig. 5 and Hovland’s results in 
Table 3. 

We proceed now to evaluate the 
two sets of empirical data by the same 
computational method utilized in de- 
riving our corollaries from the numer- 
ical values contained in Table 2. The 
Brown values may be recognized on 
the graphs of Fig. 5; the parallel Hov- 
land values have been taken from 
Table 3. 

Brown's data present the following: 


60 + .51 
— 
59 > .555. 


59 > 


Also Hovland’s data present: 
12.98 + 14.30 11.30 + 15.75 
2 2 
13.64 > 13.53. 





Both of the above inequalities show 
the respective gradients to be convex 
upward. It follows that, within the 
limits of the probable errors involved, 
Corollary I has empirical verification 
from two independent investigations. 
Again, Brown’s data present the 
following: 
.60 + .91 


2 
71 < .755. 


J1< 


TABLE 3 


Empirical mean generalization response amplitudes to stimuli which are the same as or 
weaker than the intensity of the stimulus to which the response was originally conditioned, 


and the corresponding values of the gradient extending in the opposite direction. 


The values 


in bold-face type are the mean amplitudes of the responses to the stimuli originally conditioned. 


(Compiled from Hovland's published data, 6.) 








Stimulus intensities in decibels 40 


74 





Mean response amplitudes based on 
conditioning to a tone of 40 decibels’ 
intensity 





Mean response amplitudes based on 
conditioning to a tone of 86 decibels’ 
intensity 
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Also, Hovland’s data present: 


10.94 + 13.37 | 8.90 + 17.35 
2 2 
12.16 < 13.13. 


Both of the above inequalities show 
the respective gradients to be concave 
upward. It follows that within the 
limits of the probable errors involved, 
Corollary II has empirical substantia- 
tion from two independent investi- 
gations. 

Once more, Brown’s data present 
the following: 


.91 > .60. 
Also, Hovland’s data present: 
17.35 > 11.30. 


The above inequalities show Corollary 
III to be verified, within the limits of 
the probable errors involved, by two 
independent investigations. 

Further, Brown’s data present the 
following relationship: 


60 _ 90. 
31 ~ 63 
1.18 < 1.43. 
Also, Hovland’s data present: 


11.30 17.35 
15.75 ~ 8.90 


72 < 1.95. 


The Brown data above present a con- 
ventional verification of the less slope 
shown by the inequality from which 
the corollary was derived, as may be 
seen by a simple inspection of Figs. 4 
and 5. The Hovland data, while con- 
forming technically to the formula, 
really show a marked deviation from 
Fig. 4 in that the gradient, supposed 
theoretically to slope less downward, 
as a matter of fact slopes upward, as 
shown by the decimal value of .72. 
Actually this probably is a verification 





of the logic of the basic theory, which 
pits stimulus generalization and stim- 
ulus-intensity dynamism against each 
other so far as the slope of the gradient 
extending from a weak stimulus inten- 
sity to a strong one is concerned. If 
the stimulus-intensity dynamism is 
very strong it will naturally reverse 
the downward slope which is natural 
to stimulus generalization operating 
by itself. 

Finally there comes the matter of 
the intersection of the two gradients. 
Brown's gradients, as clearly shown 
by Fig. 5, do not intersect. On the 
other hand, a plot of the two Hovland 
gradients shows that they intersect 
about midway between the stimulus 
intensities, 74 and 86 decibels. Thus, 
ignoring the precise point of the inter- 
section, one investigation substanti- 
ates Corollary V and one refutes it. 
Very likely the disagreement between 
the two empirical studies under con- 
sideration in this respect, and the fail- 
ure of the corollary really to agree with 
both of them, depends upon the differ- 
ing magnitudes in the two situations of 
one or more constants as yet not 
clearly identified. 

The empirical verification of four 
out of five theoretical corollaries, 
together with a partial verification of 
the fifth, suggests that the postulates 
as a whole, including the multiplica- 
tive method of combining the sEr and 
V involved, possess a considerable de- 
gree of truth but that some of them 
are clearly defective. As usual the 
nature of the defect must be sought in 
further research, both theoretical and 
empirical but primarily theoretical. 
As already suggested the remedy may 
lie in the exact determination of the 
magnitudes of the several constants 
involved, since the theoretical out- 
come is definitely sensitive to the vari- 
ation of these magnitudes. 
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SUMMARY 


Several experimental situations have 
been found which seem to indicate 
rather clearly that reaction potential 
is in part a function of the stimulus 
intensity involved. Because no spe- 
cific investigations have as yet been 
made of this presumptive primary 
molar law, its mathematical statement 
can at present be given only tenta- 
tively. This is that stimulus-inten- 
sity dynamism is a monotonic func- 
tion, increasing at a decreasing rate, 
of the logarithm of stimulus intensity. 

An important situation in which 
stimulus-intensity dynamism __influ- 
ences reaction potential is found where 
stimulus intensity is the basis of stim- 
ulus generalization. This raises the 


question of how the two primary 
molar laws combine to produce the 
joint effect as a secondary molar law. 
To secure the first approximation here 


utilized, we reduce stimulus-intensity 
dynamism to a percentage ratio based 
on the point of origin of the generaliza- 
tion gradient, and then combine the 
two gradients by multiplication. This 
procedure, together with related pos- 
tulates, leads to the deduction of 
several quantitative corollaries, four 
of which agree fully with empirical 
fact and one of which agrees partially. 
The conclusion is that the theory as a 
whole approaches closely to a true 
statement of the principles involved, 
but is clearly lacking in some respect. 

An analogous situation of consider- 
able theoretical importance as well as 
complexity is found where generaliza- 
tion occurs on the basis of persev- 
erative stimulus traces. This matter 
requires separate treatment. 
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BEHAVIOR OSCILLATION AND THE GROWTH 
OF PREFERENCE 


BY J. C. TAYLOR 
University of Cape Town 


When an animal is placed in an ex- 
perimental situation where there are 
two paths to the goal, one longer than 
the other, or one involving a longer 
and the other a shorter period of de- 
tention, a preference for the shorter 
path is gradually established. Hull 
(2) has sought to explain this phenom- 
enon on the basis of the following 
hypotheses. 

1. By the goal gradient hypothesis, 
the curve of sHpr, rises more rapidly 
than that of sHpr,, where R; and R; 
are the responses of taking the shorter 
and the longer paths respectively. 

2. The fractional increment of sHpz 
at each reinforcement is the same in 
both curves, but the asymptotes are 
different. 

3. Behavioral oscillation produces 
uncorrelated variations in sHpr, and 
sHp,. The distribution of oscillation 
is assumed to be Gaussian, with the 
same standard deviation, oo, for each 
habit. It is further assumed that oo 
is unaffected by the magnitude of sHrp. 

From these assumptions it follows 
that the distance between the means 
of the two oscillation distribution 
curves will increase with the number 
of reinforcements, and the amount of 
overlap of the two curves will dimin- 
ish. If we know oo, and the difference 
between sHpr, and sHpr, after any 
given number of reinforcements, the 
probability that the shorter path will 
be chosen at the next trial may be 
deduced from the normal probability 
integral. If 


ele, — sHe, = 2x, 


then the required probability is given 
by 


p=f e727 /20* dx, 
zs oVv2r 


This is the 3(1 + a) of Sheppard’s 
tables. 

Conversely, if we know oo and the 
proportions of choices of the shorter 
path at different numbers of reinforce- 
ments, the differences between the 
two habit strengths, measured in 
terms of oo, may be read from the 
table of the probability integral. 
Even if ¢) be unknown, we can obtain 
a series of ‘values of x which are pro- 
portional to sHp, - sHp,. 

Now, if all the above assumptions 
are justified, it follows that the de- 
duced values of x will be the terms of 
a simple growth function with the 
same fractional increment as that of 
the two sf curves. For if 


sip, = M1 - F*), 
and 

sHr, = M.(1 — F*)', 
then 


— sHp,) 


1 
= 200 (sHr, 


= = (M, = M;)(1 —- F*). 


That is to say, x is a simple growth 
function of m, the number of re- 


1In this equation F represents the com- 
plement of the fractional increment. That 
is, it is equivalent to 1 — Fin Hull's equation 
for habit strength. The equation is identical 
with Hull’s. (See 5.) 





78 
inforcements, its asymptote being 
M, — M;, 

200 
habit curves. 

It follows that if we can fit a simple 
growth function to the estimated val- 
ues of x, some support will be afforded 
to the hypotheses. On the other 
hand, if no simple growth function can 
be fitted, one or other of the hypothe- 
ses must be abandoned or revised. 

Hull’s deductions from the hy- 
potheses are less rigorous. They are 
contained in his corollaries III and 
IV, the latter of which states that 
‘The preference for that one of a pair 
of acts involving the lesser delay in 
reinforcement is attained gradually as 
training increases.’’ He finds sup- 
port for this deduction in data pub- 
lished by Anderson and others, and 
prints a graph plotted from Ander- 
son’s data (2, p. 151). The number 
of experimental animals used by An- 
derson was rather small, and the data 
are consequently somewhat irregular. 
While his experiment is therefore suffi- 
cient to confirm Hull’s rather cautious 
deduction, it is inadequate as a test 
for the more precise deduction. 

Seward (4), using data published by 
Blodgett (1), has derived a theoretical 
curve to fit the percentage choices of 
the longer path in a simple rectangular 
maze, in which there were two paths 


, with the same F as the two 


J. G. TayLor 


to the goal, one about three times as 
long as the other. He does not pub- 
lish his equations, but he reports that 
the simple growth function which he 
at first tried for the curve of sH,p had 
to be replaced by another equation. 
This in itself suggests that some modi- 
fication of Hull’s hypotheses is re- 
quired, but it seems unwise to intro- 
duce such a fundamental change as 
the abandonment of the hypothesis 
that habit strength is an increasing 
exponential function of the number of 
reinforcements. It may be useful to 
re-examine the data, and try whether 
some less drastic change can be made. 

As a first step we may deduce the 
values of x from the observed per- 
centages, or preferably from the values 
of Seward’s theoretical curve, which 
seems to fit the data reasonably well. 
Table 1 gives the proportions of 
choices of the shorter path, as derived 
by measurement from Seward’s curve, 
and the corresponding values of x, 
taken from the table of the normal 
probability integral. 

It is at once obvious that x is not a 
simple growth function of m, for it 
shows, if anything, a tendency to posi- 
tive acceleration instead of the nega- 
tive acceleration that is characteristic 
of a simple growth function. And it 
follows therefore that we must aban- 
don either the hypothesis that go is 
constant, or the hypothesis that the 
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two sHpr curves have the same value 
of F but different asymptotes, or both. 

If we retain the hypothesis that oo 
is constant, we have to find values 
of Fi, Fe, M, and Mz, such that 
sHr, — sHrp, is very close to a linear 
function of m, at least up to the first 
16 terms, or, alternatively, that it is a 
positively accelerated increasing func- 
tion of up to about the 10th term, 
and thereafter shows slight negative 
acceleration. There are no values of 
these parameters which will yield a 
linear function, and the nearest ap- 
proach to the alternative function is 
got if F, is very close to unity and 
F; much lower, say near .5, with 
M,> M:. But this implies that the 
fractional increment at each reinforce- 
ment is very much greater in the case 
of the habit involving the longer de- 
lay, which is highly improbable. 

We are therefore forced to conclude 
that, whether the two values of F are 
identical or not, the standard devia- 
tion of the oscillation function is not 
constant. The most plausible theory 
is that oo is a diminishing function of 
sip, and as a first approximation we 
may assume it to be proportional to 
100 — sHpr habs. 

This of course implies some modifi- 
cation of the equation which expresses 
the proportion of choices of one of two 
available acts as a function of the 
difference between the two _ habit 
strengths. Let y and z be the two 
habit strengths at any stage in the 
training, and also the means of the 
two’ oscillation curves. Then, if the 
standard deviations are equal, 


y — 2 = 2x, 


where x is the distance, in standard 
measure, from either mean, of an ordi- 
nate which cuts off a proportion of the 
area of each curve equal to the propor- 
tion of choices of the shorter path. 
But if the standard deviations are un- 


equal, then an ordinate that cuts off 
from each curve an area equal to the 
proportion of choices of the shorter 
path will divide the distance between 
the two means in proportion to the 
standard deviations. That is to say, 
the distance between the two means is 
given by 


7-7 x (oy > G0,), 


where oo, and oo, are the standard 
deviations of oscillation of the two 
habits. 

In the type of problem we are here 
considering, the only information we 
have is the values of p, the proportion 
of choices of the shorter path, at suc- 
cessive trials; and from these, with the 
aid of the table of the normal prob- 
ability integral, we get the values of x. 
But we do not know the strengths of 
the two habits at successive trials, 
except at the beginning of the first 
trial, when both may be presumed to 
be zero; and we do not know the 
values of oo, the standard deviation 
of oscillation, because these are as- 
sumed to be dependent on the values 
taken by y and z, the two habit 
strengths. 

Our problem then is to find, for each 
trial, values of y, 2, oo,, and o0,, which 
will yield the observed values of p, 
and which at the same time will satisfy 
the condition that 


y= Mi(1 _ F,*"), 
and 


z= M21 —_ F,*-"). 


It should be noted that the values of y 
and z which determine the choice be- 
tween the longer and shorter paths are 
the habit strengths as they exist at the 
beginning of a trial, and not after the 
reinforcement that comes at the end 
of a trial. Hence, in the equations 
for y and z above, the exponent of F 
is m — 1 and not n. 
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The only way to solve this problem 
is by successive approximation. The 
method actually adopted was as 
follows. 


1. Trial values were assigned to.M,, 
F, and oo, the standard deviation of 
oscillation when habit strength is zero. 

2. y = Mi(i — Fi") was com- 
puted for four values of n, viz., 7, 10, 
13 and 16. 

3. For each of these values of m the 
observed proportion of choices of the 
shorter path was used to find x from 
the table of the normal probability 
integral. 

4. For each of the four values of y, 
go, was computed by 


go, = -O1oo,(100 — y). 


5. The products xo, were recorded. 
6. The values of oo, were computed 
by 
 -&- X00) 





7% ~~ 100/00, — x 


7. The products xo, were recorded. 
8. Test values of z were obtained by 


v=y- (xoo, + xa»,). 


9. The differences between succes- 
sive values of 2’ were recorded. 

10. The ratio of the second of these 
differences to the first, and that of the 
third to the second, were recorded. 

11(a). If these two ratios were un- 
equal, it was clear that no simple 


growth function could be found which 
would fit the whole series of 2’ values 
derived by the above method, and the 
process was begun again with a new 
set of trial values. 

11(b). If the ratios were equal, or 
nearly equal, their cube roots were 
recorded. These indicate the value 
of F of a simple growth function that 
will fit the 2’ series. 

12. The simple growth function 
that fits the 2’ series must be equal to 
zero when » —1=0. This condi- 
tion is satisfied if the four values of 2’ 
obtained by step 8 are proportional to 
the sums of the powers of F from 0 to 
5, from 0 to 8, from 0 to 11, and from 
0 to 14 respectively. These sums 
may be computed by 

n 1— une 
z Fe = as 


or they may be obtained from the 
author’s ‘Tables to Facilitate the Fit- 
ting of Learning Curves’ (5). 


The numerical results of the opera- 
tions described above, with the excep- 
tion of step 12, applied to the set of 
trial values finally adopted, are set out 
in the successive columns of Table 2. 

The sums of the powers of .84 from 
0 to 5, 8, 11 and 14 respectively are 
4.054, 4.949, 5.479 and 5.793; and 
the ratios of the values of 2’ to these 
sums are 11.25, 11.30, 11.33 and 11.34. 
The test referred to in step 12 above 
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is therefore satisfied. That is, an 
equation of the type 


z= Mi — .84*-'), 


will give a good fit to the calculated 
values of 2’. It only remains to de- 
termine the value of M,. Since M; is 
the limiting value of z as m tends to 
infinity, it can be got by multiplying 
the sum of the powers of .84 from 0 to 
infinity by the ratio 11.30. This 
gives 


M, = 6.25 X 11.30 = 70.6. 


Table 3 presents the values of 
y =82(1—.85""'), 2=70.6(1—.84"-"), 


Coy =-09(100—y), a2 =.09(100—2), 


—— 

xm , and the theoretical per- 
00, +90, ™ 

centage of choices of the shorter path, 


that is, one hundred times }(1 + az). 


To these are added, for comparison, 


the percentages as measured from 


Seward’s graph. There is a reason-' 


ably close agreement between the two 
series. 
DISCUSSION 


The first point to be noted is that 
the present reconstruction employs 


nothing but rational equations, and 
does not involve any radical departure 
from the theoretical structure built up 
by Hull. In this respect it is there- 
fore to be preferred to the reconstruc- 
tion offered by Seward, who at one 
point substituted an ad hoc equation 
in place of a simple growth function. 
The only change that has been intro- 
duced is a refinement of Hull’s con- 
ception of behavioral oscillation, but 
it is a refinement that has a rational 
basis. Now if a complex theoretical 
structure contains even one irrational 
element, agreement with empirical 
data cannot be regarded as affording 
support even to the rational elements. 
On the contrary, such agreement only 
throws doubt on the latter, at least 
until a rational basis can be found for 
the ad hoc principle that has been in- 
troduced. For if the rational prin- 
ciples cannot be made to generate 
results in conformity with observation 
unless they are distorted by the intro- 
duction of an irrational principle, their 
validity is called in question. If, on 
the other hand, the introduction of a 
fresh rational principle causes the 
whole theoretical structure to generate 
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results in conformity with observa- 
tion, then there is confirmation not 
only of the new principle thus intro- 
duced, but of all the elements that 
co-operate to produce such results. 

The results reported here therefore 
not only confirm the guess that be- 
havior oscillation varies with habit 
strength, but add weight to the hy- 
pothesis that behavior is mediated by 
an intervening variable, sHpr, which 
increases exponentially with the num- 
ber of reinforcements. And they also 
support Hull’s guess that in conditions 
such as those of Blodgett’s experiment 
the two habit strength curves have the 
same fractional increment. 

This last hypothesis is explicitly 
stated by Hull in relation to another 
problem, the dependence of sg on 
the amount of the reinforcing agent. 
In that connection he writes: ‘Pend- 
ing the appearance of more complete 
evidence, the working hypothesis is 
adopted that an increase in either the 
quality or the quantity of a reinforcing 
agent increases the rate of learning by 
raising the limit (m) to which the 
curve of habit strength approaches as 
an asymptote, the rate of approach 
(F) to this limit possibly remaining 
constant for all qualities and amounts 
of the reinforcing agent employed” 
(2, p. 133). A similar assumption is 
made, without further argument, in 
connection with the relation between 
habit strength and delay in rein- 
forcement. 

In the present investigation no ini- 
tial assumption was made about the F 
values of the two habit strength 
curves, as that would have imposed 
undue restrictions on the search for a 
set of equations that would generate 
results closely approximating the em- 
pirical data. It is therefore of no 


small theoretical interest that the two 
values of F should turn out to be so 
near each other. 


The fact that the 





fractional increment of the weaker 
habit is slightly greater than that of 
the stronger one may be regarded as 
objectionable, but it would not be 
difficult to write a set of equations 
with the same value of F, which would 
give a good fit to Blodgett’s empirical 
data, even if the agreement with 
Seward’s theoretical reconstruction 
were less striking. 

Turning to the question of oscilla- 
tion, we are at once struck by the ap- 
parent discrepancy between the re- 
sults of the present study and the find- 
ings of Hull and his associates. The 
evidence he presents suggests that the 
range of behavioral oscillation is un- 
affected by the level of habit strength, 
whereas Blodgett’s data can be accu- 
rately fitted only on the assumption 
that the range of oscillation is a di- 
ininishing function of habit strength. 
But before considering the significance 
of this discrepancy, we may note that 
everyday experience suggests that 
oscillation diminishes as habit strength 
increases. Hull mentions the striking 
of a wrong key on the typewriter as 
an example of oscillation, but a skilled 
operator will type dozens of pages 
without striking a wrong key. A 
virtuoso pianist will repeat the exposi- 
tion of a sonata in such a way that the 
most careful listening reveals no devia- 
tion from the first performance. On 
the other hand, a less practiced per- 
former is liable to vary in an unpre- 
dictable manner from one performance 
toanother. Nodoubt accurate meas- 
urement would reveal variations in 
successive performances of the same 
work by a virtuoso, but the range of 
such variation is unquestionably very 
narrow. 

Our problem, then, is to find an ex- 
planation of the fact that one group 
of experimental results demands the 
assumption that the range of oscilla- 
tion is constant, and another that it is 
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variable. Hull’s conclusion that the 
range is constant is based mainly on 
two pieces of evidence. The first is 
an experiment by Hays and Woodbury 
(2, p. 305) in which the pressure ex- 
erted by a hungry rat on the pressure 
bar of a Skinner apparatus was meas- 
ured by a recording dynamometer. 
Two frequency distributions of those 
measurements are presented, one rep- 
resenting the performance of a rat 
after 400 reinforcements, the other 
after 800 reinforcements. The stand- 
ard deviation of the second distribu- 
tion is slightly greater than that of the 
first (6.9 as against 6.3), but this fact, 
taken alone, does not justify the view 
that the range of oscillation is un- 
affected by habit strength. For when 
the first set of measurements was 
taken, the minimum pressure that 
would suffice to deliver a food pellet 
was 21 grams, while in the second case 
it was 38 grams. The additional re- 
active inhibition thereby generated 
might be expected to add to the vari- 
ability of the performance; and this 
expectation is confirmed by inspection 
of the distributions. The second one 
has a long tail on the negative side, 
stretching well below the threshold of 
release, whereas the first one is sym- 
metrical. Apart from this long tail, 
the second distribution is more closely 
bunched around the mean than the 
first one is. An analogous result is 
produced when a moderately good 
pianist who has been accustomed to 
performing on an instrument with a 
light touch tries to play on a piano 
with a heavier touch. The additional 
effort required results in an increased 
variability of performance; but this 
variability diminishes with further 
practice on the heavier keyboard. 
The second piece of ‘ evidence, 
quoted from Mathematico-Deductive 
Theory of Rote Learning (3), is more 
convincing. The data are presented 


in the form of the percentage of cor- 
rect reproductions of nonsense sylla- 
bles at 20 successive presentations of 
the cue syllables. If we assume that 
habit strength increases exponentially 
with the number of reinforcements, 
and that the percentage of successful 
reactions is determined by the distance 
between the reaction threshold and 
the mean reaction potential, in con- 
junction with the range of oscillation, 
it is impossible to explain the ob- 
served percentages unless we also as- 
sume that the standard deviation of 
oscillation is constant. The present 
author tried without success to repro- 
duce the empirical data on the basis of 
the alternative hypothesis that oscilla- 
tion diminishes as habit strength in- 
creases. And incidentally he found 


that a much higher standard deviation 
of oscillation had to be postulated 
than in the case of Blodgett’s data. 
A possible source of the discrepancy 
is suggested by one of the findings in a 


series of experiments on autokinetic 
movement conducted by K. Danziger 
in the psychological laboratory of the 
University of Cape Town. In the 
case of the majority of the subjects, 
who were volunteers, the variability 
of responses showed no tendency to 
diminish over a long series of observa- 
tions; but in the case of a small num- 
ber of subjects who were paid there 
was a striking decrease in variability. 
In itself this result is not conclusive, 
but at least it points to the necessity 
for taking careful consideration of the 
conditions of drive and incentive. 

In this respect there is an important 
difference between rote memory ex- 
periments on human subjects and 
maze experiments on rats, in that 
reinforcement is secondary in the one 
case and primary in the other. Inthe 
former, the physiological drive that is 
active at the moment is unaffected by 
a successful response, but in the latter 
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it is substantially diminished. Now 
it is a well known fact that spontane- 
ous activity, which is, essentially, 
variable behavior, is an increasing 
function of drive; and this suggests a 
refinement of our hypothesis regarding 
the relation between habit strength 
and the range of oscillation. 

If behavior oscillation may be re- 
garded as one aspect of the spontane- 
ous activity initiated by a drive, then 
it follows that the range of oscillation 
will be contracted as a secondary con- 
sequence of any act that leads to a 
diminution of drive. But this sug- 
gests that the act of contracting the 
range of oscillation may itself be con- 
ditioned to a situation that leads di- 
rectly to diminution of need. Thus 
when a hungry animal finds itself in a 
situation where it has previously dis- 
covered food, there is likely to be an 
immediate reduction in general irrita- 
bility. It must be emphasized that 
what is postulated here is a general- 
ized reduction of oscillation, applying 
equally to the whole range of behavior 
that may be elicited by a situation 
that is relevant to the satisfaction of 
some need. The contraction of oscil- 
lation of a single habit, which we have 
postulated as being a function of habit 
strength, may be regarded as a natural 
extension of the process to the particu- 
lar acts which mediate the satisfaction 
of the need. 

From this it would follow that in 
any learning process that proceeds en- 
tirely by secondary reinforcement, the 
range of oscillation will in general be 
greater than when reinforcement is 
primary, and there will be no contrac- 
tion of oscillation as habit strength 
increases. In such a case general 
irritability is unaffected by the suc- 
cessful response to a stimulus, and this 
response therefore remains subject to 
all the variable influences which con- 
stitute the source of oscillation. 


In the light of these considerations 
our hypothesis may be amended as 
follows: In any learning situation in- 
volving primary reinforcement there 
is an initial diminution of oscillation 
in consequence of the first reinforce- 
ment, and thereafter the standard 
deviation of oscillation is proportional 
to 100 — sHp habs; when reinforce- 
ment is secondary, the standard devia- 
tion of oscillation remains constant at 
a level determined by the strength of 
the drive. 

As a test of this hypothesis we may 
apply it to the same data used by 
Seward (4) to illustrate his theory of 
latent learning. Blodgett ran a group 
of hungry rats through the same rec- 
tangular maze to which reference is 
made above, but for the first 15 trials 
they received no food in the goal box. 
On the 16th and subsequent trials 
they found food. In the first 16 trials 
the proportion of choices of the shorter 
path increased slightly, though not 
nearly so rapidly as in the case of the 
control animals which were rewarded 
at each trial. 

From the 16th to the 17th trials 
there was a sudden and very substan- 
tial increase in the proportion of 
choices of the shorter path, much 
larger than any single increase in the 
control group, and from then to the 
end of the experiment the increase was 
gradual. These results were inter- 
preted by Blodgett as meaning that 
the animals had been learning through- 
out the unrewarded trials, but in such 
a manner that the learning had no 
objectively measurable consequences. 
He called it latent learning. 

In point of fact the learning is not 
altogether latent, in that there is a 
very slow increase in the proportion of 
choices of the shorter path. This 
slow increase is typical of such experi- 
ments, and it is crucial for the under- 
standing of the sudden leap following 
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the first rewarded trial. . Obviously 
something is learned in the course of 
the unrewarded trials; and since there 
is no obvious source of secondary re- 
inforcement, there must apparently 
be some diminution of a need, though 
clearly it is not the need for food. 

A plausible answer to this puzzle is 
that the organism in the course of ac- 
quiring adaptive reactions to the ob- 
jects through which its organic needs 
are satisfied must simultaneously learn 
to adapt itself to the physical and 
spatial features of the environment in 
which those objects are found. If, for 
example, it is being pursued by an 
enemy, its chances of survival are 
greater if it has already learned just 
where it can leap over an obstacle, 
where it can round a corner to put a 
barrier between itself and its pursuer, 
where it can creep intoa hole. A full 


equipment of slick responses to every 
aspect of the environment is essential 


for success in such activities as the 
pursuit of prey and escape from 
danger. 

Now such responses are relevant to 
any and every serious activity of the 
organism, and it is therefore to be 
expected that it will acquire a general- 
ized habit of at once learning to move 
about easily and quickly in any new 
environment in which it finds itself. 
But a generalized habit must operate 
in much the same way as a drive, and 
we may describe it as a secondary 
drive. This drive is increased in 
strength by unfamiliar surroundings, 
and it is diminished as facility in mov- 
ing about the new environment grows. 

This means that the need associated 
with this drive is equally diminished 
by all the actions which adapt the 
organism to the spatial layout of the 
environment. Theoretically therefore 
there should be nodifferential strength- 
ening of one response at the expense 
of the others, since all contribute 


equally to need reduction. Neverthe- 
less certain features of the new en- 
vironment are more likely than others 
to have behavior directed towards 
them. For example, a hole that may 
serve as a refuge from a pursuing 
enemy, or a hiding place for food that 
is not immediately wanted, or a suit- 
able place for a nest, is likely to be- 
come a focal point towards which ex- 
ploratory behavior is chiefly directed. 
Or, in the case of a sophisticated 
laboratory rat engaged in an experi- 
ment on latent learning, the goal box 
may become the focal point of be- 
havior simply because it is the place 
from which the animal is picked up by 
the experimenter and returned to the 
more familiar environment of the liv- 
ing cage, preparatory tofeeding. The 
act which leads the animal by the 
shortest route to this point will be 
differentially strengthened. 

In view of the secondary character 
of the drive that we assume to be 
operating here, it is to be expected 
(a) that the asymptotes of the learning 
curves will be substantially lower than 
in the case where there is primary re- 
inforcement, and (b) that behavior 
oscillation will remain constant in 
range throughout the unrewarded 
trials. Further, since a strong hunger 
drive is in operation, it is likely that 
the range of oscillation will be rela- 
tively high. And finally, since the 
alternative reactions directed towards 
the goal box are assumed to be but a 
part of the secondarily motivated ex- , 
ploratory behavior evoked by the 
situation as a whole, and as such are 
therefore equally reinforced, it is to be 
expected that despite the differential 
reinforcement referred to in the last 
paragraph, the asymptotes of the two 
habit strength curves will be relatively 
closer to each other than in the case 
where both acts are primarily re- 
inforced. 
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Starting with these premises, it is 


easy to write a set of equations which 
will generate results similar to those 
obtained by Blodgett in his latent 
learning experiments. The following 


is an example of such a set of 


equations. 
A. Equations for the first 16 trials. 


y = 70(1 — .84"-) 
(2) 2 = 64.2(1 — .84"~) 
(3) oo = 13 
; Ses 
oats 


200 
S) F 


(1) y= 


per cent choices of shorter 
path 
100-3(1 + az). 


RB. Equations for trials 17 to 20 
(6) y = 64.88 + 17.12(1 — .84*-") 
(7) s = 59.50 + 11.10(1 — .84"-18) 
(8) oo, = 9 

.09(100 — y) 


(9) 90, 
(10) oo, = .09(100 — z) 
(11) —— 

t7: 
Fo, + 00, 


(12) P = 100-3(1 + a). 


The initial constants in equations 
(6) and (7) are the values of y and z 
in equations (1) and (2) when m = 16. 
The constants 17.12 and 11.10 were 
chosen on the basis of the assumption 
that after the introduction of reward, 
the asymptotes of the two learning 
curves would be the same as for the 
control group. Following Hull, and 
the evidence of the rote memory data 
referred to above, the standard devia- 
tion of oscillation at zero habit 
strength under conditions of second- 
ary reinforcement is assumed to be 13; 
under conditions of primary reinforce- 
ment it is assumed to have the same 
value as in Blodgett’s control ex- 
periment. 

In the above set of equations the 
only parameters that were determined 


in any way by reference to the em- 
pirical data were the upper limiting 
values of y and z in equations (1) and 
(2), and even these were determined 
to a certain extent by theoretical con- 
siderations. It is therefore significant 
that the values of P given by (5) and 
(12) correspond very closely to the 
empirical percentages. In the first 16 
trials the calculated percentage rises 
slowly from 50 to 58.2. It jumps at 
the 17th trial to 83.9, and then rises 
more slowly to 93.6 at the 20th trial. 
Thus all the important features of the 
empirical data are reproduced. In 
addition to the slow initial rise and the 
sudden leap after the introduction of 
reward, we may note that (a) this leap 
carries the performance of the experi- 
mental group to a level which is sig- 
nificantly lower than that reached by 
the control group at the 16th trial; 
(b) the rate of increase from the 17th 
to the 20th trials is slightly greater 
than that of the control group at the 
same level of performance (cf. Table 3, 
trials 10 to 14); and (c) at the 20th 
trial the experimental animals have 
still not reached the level of the con- 
trol group at their 16th trial. In all 
these respects theory and observation 
agree. 


SUMMARY 


In experimental situations present- 
ing alternative paths to the goal, un- 
equal in length, preference for the 
shorter path is gradually established. 
One of the theoretical constructs by 
which Hull explains this phenomenon 
is behavioral oscillation, which he as- 
sumes to have a constant standard 
deviation. It is shown, by the anal- 
ysis of data published by Blodgett, 
that this constancy hypothesis is 
untenable. The empirical measure- 
ments can be reproduced only by (a) 
abandoning the hypothesis that habit 
strength is an increasing exponential 
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function of the number of reinforce- 
ments, as Seward does, or by (b) as- 
suming that the standard deviation of 
oscillation is a diminishing function of 
habit strength, while leaving the other 
basic concepts of Hull’s theoretical 
system intact. A method of deriving 
equations giving expression to the 
latter assumption is presented, and 
it is shown that such equations fit the 
experimental data adequately. 

It is further argued that if oscilla- 
tion be regarded as an aspect of the 
spontaneous activity initiated by a 
drive, its standard deviation is likely 
to remain constant in situations where 
learning proceeds by secondary rein- 
forcement, and to be a diminishing 
function of habit strength where rein- 
forcement is primary. This hypoth- 
esis is supported by comparison of rote 
memory, involving secondary rein- 
forcement, with the Blodgett data 
referred to above. A more critical 
test is afforded by an analysis of a 
latent learning experiment reported 


by Blodgett, in which the reinforce- 
ment was secondary during the first 
15 trials and thereafter primary. It 
is shown that a set of equations giving 
expression to the hypothesis yields 
results that in every respect agree with 
the empirical data. 
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MOTIVATION, PERCEPTION AND ATTITUDE CHANGE 


BY A. H. HASTORF AND A. L. KNUTSON 


Princeton University 


Perception is a central problem in so- 
cial psychology. In this paper atten- 
tion is drawn to the manner in which 
past experience and motivation influ- 
ence perception in social situations, and, 
in this way, influence our social atti- 
tudes. Any study of attitudes must 
take into account the fact that atti- 
tudes have a functional value, and that 
a person perceives social situations in 
terms of his own past experiences, values 
and purposes. 


PERCEPTION INFLUENCED BY PAST 
EXPERIENCE AND MOTIVATION 


We know that an automobile is per- 
ceived as an automobile rather than as 
the unclassified series of light waves 
which produces the retinal stimulus. 
Moreover, different people perceive the 
same automobile in different ways: the 
dealer perceives it in terms of its age, 
make, and sales price; the purchaser 
sees it in terms of its cost and future 
use. Purposes and past experience are 
both known to play a part in this per- 
ceptual process. 

The view held here is that perception 
is an active purposive process developed 
through past experience. Although the 
role of conscious processes usually re- 
ferred to as interpretation and judgment 
is Clearly recognized as a factor in some 
perceptions, it is felt that an even 
greater emphasis should be given to the 
essentially unconscious selective aspect 
of all perception. 

It is commonly recognized that in the 
adaptation of the organism to its en- 
vironment, perception plays an impor- 
tant role. Those cues which aid the 
individual in adjusting to his environ- 
ment are likely to be the ones most 


quickly learned and longest retained, 
even though they may not be con- 
sciously recognized. In this sense, per- 
ception may well be governed by the 
same general laws applicable to any 
learning process. The greater prag- 
matic value for most people of such a 
distance cue as size as compared with 
brightness seems to be the most rea- 
sonable explanation for the dominance 
of size over brightness as a distance 
cue when these two are placed in con- 
flict (3). 

Helmholtz called attention to the ex- 
periential and purposive nature of per- 
ception in observing that we are not 
aware of such sensory phenomena as 
the blind spot, the Purkinje phenome- 
non and combination tones. His con- 
clusions could well have appeared in a 
present-day psychological journal: 


“We are not in the habit of observing 
our sensations accurately, except as they 
are useful in enabling us to recognize ex- 
ternal objects. On the contrary, we are 
wont to disregard all those parts of the 
sensations that are of no importance so 
far as external objects are concerned” (7, 
p. 6). 


There is growing evidence that we 
learn to perceive, and that perception, 
like learning, is purposive. Anthropolo- 
gists have reported many instances 
which suggest that perceptions serve 
the values and purposes acquired in a 
cultural group. Experimental studies 
by psychologists in recent years give 
strong support to these observations * 


1A very recent study by Riesen (10) pro- 
vides evidence for the thesis that perception 
is a learned response. Riesen raised two chim- 
panzees in complete darkness up to the age 
of sixteen months. A summary of his ob- 
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(8, Chap. 3; 9, Chap. 15). Our unique 
and common needs, values and pur- 
poses have been shown to exercise an 
active functional influence over both 
what is perceived and how it is per- 
ceived. 

In the past there has been a tendency 
to explain these differences in observa- 
tion only in terms of conscious judg- 
ments and interpretations. The word 
see has often appeared in quotes, im- 
plying that the stimulus is seen in one 
way and consciously interpreted in an- 
other. The work of the Hanover Insti- 
tute suggests strongly that perception 
itself is an unconscious judgmental proc- 
ess—that interpretation occurs at an 
unconscious, as well as at the conscious, 
level—and that the see may be taken 
out of quotes. 

Past experience and purpose cannot 
be clearly delineated as controlling fac- 
tors in the perceptual process. A situa- 
tion can have meaning to the individual 
only if he can relate it to his purposes 
through past experience. Purposes are 
acquired, and in that way represent the 
conclusions of past experience. The 
purposive actions of today are evolved 
from the reward-punishment experiences 
of yesterday, and to speak of the re- 
sults of experience in this sense is to 
speak of acquired purposes. As we 
learn through experience to perceive, so 
we learn through experience to evaluate. 
Thus our present purposes become both 
functions and representations of our 
previous successful and unsuccessful ac- 
tivities. 

Ames, of the Hanover Institute, has 
stated his position with respect to this 
issue as follows: 


“Tt is apparent that there is no ‘mean- 
ing,’ for instance, in the undifferentiated 


servations suggests that these primates ap- 
peared to be blind for most practical pur- 
poses when first brought into the light. 


light rays themselves which impinge on 
the cornea. Nor is there any ‘meaning’ in 
the light rays as differentiated by the lens 
system of our eyes that impinge on the 
receptors in our retinas; or in the elec- 
trical-chemical disturbances that take place 
between the retinal receptors and the 
visual center of the brain. ‘Meaning’ is 
significance which has been disclosed 
through prior purposeful action. The sig- 
nificance is related to stimulus patterns 
existing at the time of the original experi- 
ence and is reactivated when the organism 
is later subjected to similar stimulus pat- 
terns. 

“The function of sensations is not to 
disclose the innate character of a thing as 
such or its spatial position as such. It is 
to establish between the evolving organism 
and the ever-changing environment a rela- 
tionship on the basis of which the organ- 
ism may effectively carry out its purpose. 
This means that sensations are prognostic 
directives for purposeful action” (2, p. 
SE. 


Ames has developed over sixty dem- 
onstrations concerned with the nature 
of visual perception. Since his conclu- 
sions are derived mainly from these 
demonstrations, it seems pertinent to 
discuss briefly two of them. 

One of the demonstrations is a dis- 
torted room so designed that when you 
look at it from a particular point of 
view, it gives rise to the same uniocular 
indications that you would get from a 
rectilinear room. This room is placed 
behind a screen so that you can see it 
only with your head in the position 
from which it appears to you as a recti- 
linear room. 


“Tf you look at the room with one eye 
from that point of view, your sensations 
will be of a rectilinear room. You could 
look at the room forever and, for all that 
your sensations give you, you would still 
believe it was a rectilinear room” (3, p. 
57 f.). 
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Preliminary studies at Princeton * of 
subjects viewing the distorted room re- 
veal considerable individual variation 
in perception. The distorted room used 
was not perfect; minor monocular cues 
still existed and, if perceived, could “tip 
off” the observer that the room was dis- 
torted. These cues included differences 
in lighting, detail, and minor imperfec- 
tions in construction. If a subject, 
viewing the room monocularly, per- 
ceived one of these minor cues, it 
seemed to lead him to discover other 
evidences of distortion. Some subjects 
remained unaware of any distortion 
for relatively long periods of time. Ob- 
servation of a few subjects, blind in one 
eye for five years or more, suggests the 
possibility that they are especially sen- 
sitive to monocular cues. This greater 


discrimination and selectivity on the 
part of persons with vision in only one 
eye can be explained in terms of the 


necessity for the learning and using of 
these cues for the purpose of adapting 
to an environment in which accurate 
judgment of size and distance is so im- 
portant. 

Another demonstration consists of a 
rectilinear room with one open wall. 
The inner walls of this room (including 
the floor and ceiling) are covered with 
oak leaves. The subject views the room 
from the open side. With normal vision 
the room looks perfectly rectilinear, but 
when the subject views the room 
through aniseikonic lenses, the room 
takes on a distorted shape. These 
lenses alter in specific ways the geo- 
metric character of the room, depend- 
ing on the locus of fixation (e.g., the 
walls, the floors, etc.). This phenome- 
non cannot be explained entirely on the 
basis of optics, because when the same 
lenses are worn while looking at a room 


2The Hanover Institute has provided a 
complete set of these demonstrations for the 
Office of Public Opinion Research, Department 
of Psychology, Princeton University. 





containing such familiar objects as 
desks, chairs, people, etc., almost no 
distortions are seen at first unless spe- 
cifically pointed out by the demon- 
strator. 

In this demonstration, which is some- 
what analogous to an early study by 
Adams (1), an individual views two 
situations differing primarily in that 
one is much more familiar to him than 
the other. In both instances the visual 
stimulus patterns are distorted, but in 
the less familiar situation this distor- 
tion is observed more quickly and more 
severely. Thus past experience has an 
immediate influence upon the perceptual 
response. 

In this section we have attempted to 
point out briefly that perception is an 
active process determined by past ex- 
perience and purpose. The physical 
stimulus and, the physiological state of 
the organism are also obvious condi- 
tions to consider in accounting for indi- 
vidual differences. The evidence sug- 
gests that perception takes place in an 
acquired referential frame, and that 
situations can have meaning to the indi- 
vidual only in terms of his purposes 
within such a frame of reference. So 
viewed, purposes are largely functions 
of past experience which perform a 
selective action in the current per- 
ceptual situation. 


IMPLICATIONS FOR ATTITUDE FORMA- 
TION AND CHANGE 


If our individual and social purposes 
are important determinants of what is 
perceived, as has been suggested above, 
many of the basic problems of attitude 
formation, persistence, and change can 
be seen in a new perspective. It be- 
comes clear that differences in the 
evaluation of a social situation are not 
differences in conscious judgment and 
interpretation alone. Prior to these 
conscious judgments and _interpreta- 
tions, there very well may be more ba- 
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sic differences in the manner in which 
situations are perceived, depending on 
differences in past experience and pur- 
pose. Fundamental attitude changes 
are not likely to occur unless there are 
changes in the individual and social 
purposes which often play an uncon- 
scious selective role in perception. It 
follows from this thesis that attitudes 
are functionally related to values and 
purposes, that a shake-up in the identifi- 
cations and in the acquired status-striv- 
ings or purposes which accompany these 
identifications is necessary if these at- 
titude changes are to occur (11). 

The attorneys for the N. A. M. and 
the C. I. O. in debating about the pro- 
visions of the Taft-Hartley Bill and the 
probable effect of its passage on the 
public welfare really have no parallel 
topics for debate. They neither per- 
ceive the same Taft-Hartley Bill nor the 
same public welfare. Since the dis- 
agreements are more fundamental than 
differences in conscious judgments or 
interpretations, no amount of debate is 
likely to be effective. These judgments 
or interpretations may change, but they 
will still remain judgments or interpre- 
tations of differently perceived situa- 
tions, unless one or the other of the 
attorneys first undergoes a complete 
breakdown and reorientation of his 
identifications and related strivings. In 
such a case he could no longer effec- 
tively represent his group. 

If the N. A. M. and the C. I. O. at- 
torneys should honestly attempt to com- 
promise on their points of disagreement, 
they would not be likely to achieve full 
success. For the concessions of each 
would be limited by the framework of 
the social situation he perceives. Each 
would unwittingly weigh the other’s ob- 
jectives in terms of his own purposes. 
What appears to be a minor demand to 
one may strike at the core of the other’s 
purposes, or may not even come within 
the framework of the other’s perception 


of the situation. No amount of good 
will could reconcile the differences in 
the way they would perceive the same 
social situation.* 

The completely different economic 
and social circumstances attending the 
development of a middle class child 
give growth to ego-strivings which do 
not permit him to perceive a social situ- 
ation in the same way as a working 
class child perceives it. The values and 
purposes acquired in childhood influ- 
ence both his perception of social situ- 
ations and his attitudes concerning 
them. This may in part account for the 
differences in attitude reported be- 
tween people in America who identify 
themselves with the middle class and 
those who identify themselves with the 
working class (6). 

In this sense class differences, whether 
consciously recognized or not, appear to 
be fundamental differences in acquired 
purposes, as well as in economics and 
attitudes. Persons who have acquired 


their status-strivings in the socio-eco- 
nomic atmosphere of one class are be- 
lieved incapable by reason of past ex- 
perience of perceiving the goals of an- 


other class. The difference is again 
thought to be one of perception as well 
as conscious interpretation and judg- 
ment. 


3 President Roosevelt well appreciated this 
point when he said in his message to Con- 
gress (April, 1938): “Government can deal 
and should deal with blindly selfish men. But 
that is a comparatively small part—the easier 
part of our problem. The larger, more im- 
portant and more difficult part of our prob- 
lem is to deal with men who are not selfish 
and who are good citizens, but who cannot 
see the social and economic consequences of 
their actions in a modern, economically inter- 
dependent community. They fail to grasp the 
significance of some of our most vital social 
and economic problems because they see them 
only in the light of their own personal experi- 
ence and not in perspective with the experi- 
ence of other men and other industries. They, 
therefore, fail to see these problems for the 
nation as a whole.” 
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This difference makes the crossing of 
the class lines during a single genera- 
tion an extremely difficult psychological 
as well as economic and social prob- 
lem. At times, however, the attendant 
uncertainty and insecurity may result 
in the complete breakdown of the ego 
and a satisfactory reorientation of group 
identifications may occur. 

It has been suggested that: 


“In periods of relative instability and 
rapid transition brought about by tech- 
nological developments, crises in social or- 
ganization (such as depressions, etc.), per- 
sonal conflicts are likely to become both 
more widespread and more intense. An 
individual’s loyalties and identifications are, 
in such a period, torn farther apart. Old 
loyalties may prove illusory, reference or 
membership groups that have provided 
status may split or disintegrate. In such 
times, the individual seeks new identifica- 
tions and loyalties” (5, p. 52). 


This thesis holds, then, that changes 
in group identifications and status-striv- 
ings (acquired purposes) are essential 
to any relatively lasting attitudinal 
change. If existing identifications are 
sufficiently constant and satisfying in 
terms of ego-strivings for status, lasting 
changes in attitudes seem improbable. 
If existing identifications are not satis- 
fying in terms of ego-strivings, how- 
ever, a person may discard his previous 
identifications and attendant attitudes, 
identify himself more or less perma- 
nently with some new group or groups, 
and become personally involved in the 
purposes of the new group. 

In general such re-identifications ap- 
pear to be facilitated by changing con- 
ditions in the individual or his environ- 
ment which lead to conflicts of identifi- 
cations. As Sherif and Cantril point 
out, re-formations of the ego may occur 
during such critical periods as adoles- 
cence, when the existing identifications 
are rendered particularly unstable. 
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“Changes brought about by sexual ma- 
turity, by significant bodily developments 
with their accompanying serious effects 
on attitudes of masculinity and femininity, 
shifts (or preparation for shifts) in eco- 
nomic roles, and.actual or more seriously 
anticipated shifts in social status, all make 
the period of adolescence a crucial stage of 
psychological transition involving ego prob- 
lems” (11, p. 201). 


Breakdowns in the fully developed 
ego may also occur when some radical 
change occurs in an individual’s en- 
vironment, such as brought about by 
war, death, migration, or economic 
changes. The individual may be 
forcibly removed from the members 
and symbols of the group with which 
he identifies himself. The resulting un- 
certainties and insecurities may foster 
the acceptance of new standards, values, 
and identifications, and in that way, 
new and lasting attitudes. 

At times people of widely different 
ideologies have been drawn together in 
support of common purposes. The 
America First Committee had extrem- 
ists from both right and left among its 
membership prior to the German at- 
tack on the U. S. S. R. Each group 
was publicly embarrassed by the pres- 
ence of the other, but, by reason of 
their temporary purposes, supported one 
another’s arguments. The underlying 
purposes of the two groups were in con- 
flict even though the situation caused 
both groups to engage in the same ac- 
tivity. Consequently when the situa- 
tion changed, the basic conflict in un- 
derlying purposes again became ap- 
parent. 

Such situations may also cause 
temporary changes in attitude when 
individuals with conflicting loyalties 
share purposes and are joined in action 
to further these temporary purposes. 
In some situations during the war, 
white and colored soldiers united for 
the common purpose of winning; strong 
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group identifications emerged. Racial 
differences seemed relatively unimpor- 
tant. When the common purpose was 
achieved, however, prejudices quickly 
returned. In other words, the attitude 
changes observed seemed to be specific 
to the purposeful action situation, and 
did not endure beyond this situation. 


“Outstanding illustrations of the power 
of working together on common problems 
have come from the fighting fronts. In 
some cases the segregation imposed by the 
Army and Navy broke down. White sol- 
diers and Negroes, fighting side by side 
and owing their lives to the bravery of 
their companions, achieved splendid soli- 
darity. Distinctions between Catholics 
and Protestants, between Jew and Gentile, 
mean little to a bomber crew, a submarine 
crew, or an advancing patrol. Each man 
rates on his merits and his service to the 
group. Common projects required inter- 
dependence and fostered appreciation” 
(12, p. 61). 


In situations involving common pur- 
poses and action, such as the war situ- 
ation, perceptions were changed. For 
example, the Negro was perceived more 
as a cooperating fighting soldier than 
as the member of an ethnic out-group. 

Individual strivings for status still 
occurred in the war situation, but they 
were overshadowed in importance by 
major purposes of the identification 
group. The major purposes of the indi- 
vidual became as one with social pur- 
poses of the group, while still being re- 
tained as individual purposes by the 
members of the group (11). The 
change in group status was a change in 
status for every member of the group. 
Removal of the need for group status- 
strivings left the members of the group 
with their old status-strivings; indi- 
vidual conflicts and prejudices returned. 

A similar situation may occur under 
normal peacetime conditions. A child 
may choose a colored playmate in a 


particular situation because this selec- 
tion will help him to achieve his pur- 
poses in terms of the immediate situa- 
tion. When the colored playmate no 
longer helps him to satisfy his purposes 
after he returns to his old group, the 
child will no longer select the Negro as 
a companion. And if the prejudice is 
the norm of his group, he will not be 
inconsistent in adopting this norm. 

It would seem, therefore, that a 
greater appreciation of the important 
relationship of motivation to both per- 
ception and attitudes may lead to more 
productive research on the problem of 
attitude change. Concentration on the 
problem of altering an _ individual’s 
identifications, and thus many of his 
social purposes, would seem to be get- 
ting at both the manner in which a per- 
son perceives a situation and his atti- 
tude towards that situation. 
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SOME PSYCHOLOGICAL IMPLICATIONS OF CORTICAL 
SUPPRESSOR AREAS 


BY F. NOWELL JONES 
The State College of Washington 


The discovery of suppressor areas in 
the cerebral cortex, and the subsequent 
neurophysiological work done upon 
them have implications for the psy- 
chologist which it would seem well to 
make explicit. The specific implica- 
tions to be mentioned here—implica- 
tions concerning the effects of relaxa- 
tion, of the use of pain in learning ex- 
periments, and the action of pain in 
intersensory induction—undoubtedly do 
not exhaust the subject. They should, 


nevertheless, serve to sharpen the aware- 
ness of the psychologist for one group 
of highly interesting and informative re- 
sults being obtained by neurophysiolo- 
gists. 

The salient neurophysiological results 


will be outlined first. A region between 
the motor and premotor areas of the 
cortex which, when stimulated, brought 
about relaxation of the contralateral 
musculature was reported first by Hines 
(4). This work was confirmed and ex- 
tended by Dusser de Barenne, Garol, 
and McCulloch (2) both by means of 
“physiological neuronography” (local 
application of strychnine to the cortex) 
and electrical stimulation. A total of 
four suppressor areas have been demon- 
strated in the cerebral cortex. These 
are known as 2s, 4s, 8s, and 19s. Stimu- 
lation of these areas results in reduced 
excitability of the motor cortex. The 
evidence of the suppressor action in- 
cludes a reduced level of electrical ac- 
tivity in the area suppressed, and also 
a rise in the threshold for electrical 
stimulation. This suppressor action in- 
volves circuits through subcortical struc- 
tures, the details of which are not of 
concern here. 


Of considerable interest to psycholo- 
gists are two recent papers, one by Gell- 
horn (3), the other by Barker and Gell- 
horn (1). In these it was demonstrated 
that nociceptive impulses resulted in 
the arousal of suppressor areas, and fur- 
ther that excitation of the suppressor 
areas either diminished or suppressed 
the cortical effects of afferent impulses. 
When stimulation of a nociceptive na- 
ture was sufficiently strong to arouse 
autonomic reflexes the suppressor areas 
were activated. Therefore, we may as- 
sume that nociceptive stimulation will 
lead to an arousal of the suppressor 
areas, and that this will in turn lead 
to suppression of the sensory cortex. 
These results are therefore supplemen- 
tary to the earlier work on suppression 
of the motor cortex, and demonstrate 
a similar arrangement in the sensory 
system. 

These, then, are the bare neuro- 
physiological results. It would seem 
reasonable to relate them to the three 
psychological topics previously noted, 
since in each case implications may be 
found which cast new light on the proc- 
esses involved, and in one case call into 
question a rather generally used tech- 
nique in learning experiments. 

One of the stronger arguments for a 
proprioceptive theory of vigilance has 
been the rise in sensory threshold when 
the subject is relaxed (7). Therefore, 
it is argued, proprioceptive discharge 
will increase the excitability of the sen- 
sory cortex, and “progressive relaxation” 
(5), by causing a diminution in the 
amount of this discharge, leads to a 
rise in threshold. But the work on sup- 
pressor areas permits another interpre- 
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tation. We may think of progressive 
relaxation, not as the absence of ac- 
tivity in the motor cortex, but rather as 
the development of cortical suppression, 
probably by domination of the cortical 
motor areas by the suppressor areas. 
Since it has been demonstrated that 
arousal of the cortical suppressor areas 
will reduce the activity of the cortical 
sensory areas, then thresholds must be 
raised. Furthermore, there is no rea- 
son to suppose that learning does not 
take place for suppressor functions as 
well as excitatory ones, and practice in 
relaxation may then be considered to re- 
sult in learning to “suppress.” The cen- 
tral point is that motor and sensory sup- 
pression can take place simultaneously, 
and hence the reduced muscular activity 
involved may be taken as evidence of 
the dominance of suppressor mecha- 
nisms, rather than being itself a link 
in the causal chain leading to higher 
thresholds. 

We need not assume, of course, that 
proprioception plays no role. Probably 
the recircuited proprioception resulting 
from muscular contraction has an effect 
on the central nervous system, but there 
is no reason to assume that propriocep- 
tion is an unique or super-sense. This 
point has been commented on elsewhere 
(6). 

The use of pain as either punisher or 
“emphasizer” has been popular in learn- 
ing experiments. But the demonstrated 
arousal of suppressor areas by “painful” 
stimulation casts a new light on this 
technique. It would now seem that 
pain has two aspects: a sensory one, in 
the same meaning as touch, warmth, 
and so on, and a suppressor-arousing 
one. Furthermore, it will be remem- 
bered that the suppressor-arousing func- 
tion of pain arises only when there is 
sufficient strength of effect to arouse 
also visceral responses. Hence, we may 
hypothesize that weak pain and strong 
pain will have different effects (cf. Tol- 


man, Hall, and Bretnall, 9). And it 
further follows that as an organism de- 
velops negative adaptation, or habitua- 
tion, to repeated painful stimulation, 
the neurophysiological effect and thus 
the psychological effect of the stimula- 
tion is changing. The signal or em- 
phasizer quality may then become more 
important than the disruptive, sup- 
pressor quality. 

We may also understand why intense 
pain should be so disruptive. As corti- 
cal suppression builds up, release phe- 
nomena appear, and with intense pain 
the organism may become functionally 
almost decorticate. Finally, fainting or 
coma may intervene. Giving a strong 
electric shock in a learning experiment, 
we may conclude, does a good deal more 
than produce an “unsatisfying” state of 
affairs. Arousing suppressor areas in 
this way introduces confounding factors 
into the situation which will interfere 
with the interpretation of the results. 

Intersensory induction is another 
topic for which cortical suppression has 
importance. This topic has been re- 
viewed by Ryan (8), and in general it 
is found that stimulation in one sense 
department will lower thresholds in an- 
other, although the evidence is not un- 
equivocal. Thus it is usually true that 
a tone sounding simultaneously with the 
presentation of a gray will cause the 
gray to appear brighter than when pre- 
sented in silence, and similar effects 
may be expected for other pairs of 
stimulus. But pain should behave 
somewhat differently. 

When a mildly painful stimulus is 
used as the inducing stimulus, then 
positive induction should be found, that 
is, thresholds should be lowered in 
much the same way that they would be 
lowered by, say, a tone. When, how- 
ever, a stronger painful stimulus is 
used, at some point the suppressor ef- 
fect should take control, and induction 
become negative. This follows from 
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the previous discussion of the double 
aspect of pain. 

The issue will be confounded, how- 
ever, by the fact that pain is virtually 
never aroused alone, but is accom- 
panied by activity in other sense de- 
partments. There will be pressure if 
arousal of pain is by a needle, warmth 
if heat is the stimulus, and so on. Care- 
ful experimental separation of these ef- 
fects is therefore necessary. 

No doubt there are other implica- 
tions of the suppressor work which 
have not been considered here. Also 
the neurophysiologist has not yet said 
the last word on this topic, and some 
adjustment of detail, or extension of 
implication, may be possible when fur- 
ther results are in. Nevertheless the 
work on suppressor areas is sufficiently 
well established to force the psycholo- 
gist to pause and check his own experi- 
ments before deciding that the implica- 
tions may be ignored. 
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FOOD-SEEKING DRIVE, AFFECTIVE PROCESS, 
AND LEARNING 


BY PAUL THOMAS YOUNG 


University of Illinois 


The purpose of the present paper is 
to consider some of the theoretical im- 
plications of the writer’s experiments 
upon food acceptance (21, 22, 23, 24, 
25, 26, 28, 29, 30, 31, 32, 33, 34, 35, 37, 
38, 39) and the relation of these experi- 
ments to current views concerning drive, 
affective process, and learning. If the 
reader wishes to study the background 
literature, much of which is taken for 
granted here, he is referred to the bibli- 
ographies of published critical reviews 
(27, 36). 


THE WRITER’Ss EXPERIMENTS UPON 
Foop ACCEPTANCE 


The writer’s first observations upon 
food preference were made in Beriin in 


1927 in an attempt to escape the limita- 
tions of a purely introspective study of 
the affective processes (21). At that 
time it was our hope to find a sound ob- 
jective basis for the analysis of affec- 
tivity and eventually to discover in 
brain dynamics the physiological equiv- 
alent of pleasantness and unpleasant- 
ness. A sound objective basis for af- 
fective psychology has been revealed by 
the work of many investigators, but the 
brain dynamics of affective arousal re- 
main as a puzzle. 

Our second group of experiments 
upon food preference (22, 23, 24) con- 
firmed the findings of the first work. 
In general, we found a remarkable uni- 
formity and stability in the preferential 
selections of rats when the animals are 
maintained upon a constant diet. Test- 
foods arrange themselves into transitive 
series, or hierarchies, symbolized as 
follows: A>B>C>D>E>F. A 
given preference may not be apparent 


at the start of a test but with continued 
testing a preferential trend appears. 
Rats l/earn to make preferential dis- 
criminations. 

Hierarchies of preferences are re- 
markably stable. The percentage of 
choices which indicates a preference in- 
creases with practice in discrimination. 
This percentage decreases during sick- 
ness and under extreme deprivation 
(33). It varies somewhat with the 
form of apparatus employed in testing 
(31). But despite these variations in 
the percentage of choices showing a 
preference, the hierarchy of preferences 
itself remains surprisingly constant. 

We first found evidence that the hier- 
archy of food preferences can be altered 
experimentally in work upon the re- 
versal of mreferences through controlled 
pre-feec.cg (26). This experiment 
showed clearly that a given preference, 
A> B, can be reversed by permitting 
rats to ingest A for a controlled period 
of time prior to tests of preference. 
The change from A>B to B>A did 
not come at once; it came gradually 
with practice. When pre-feeding was 
discontinued there was not an immedi- 
ate return to the original preference but 
only a gradual preferential trend in that 
direction. If food preferences are de- 
termined solely by internal chemical 
conditions, we argued, these reversals 
of preference should occur immediately. 
The fact that several days of training 
were required to change a preference 
indicates that rats have to learn to 
make preferential discriminations. But 
the kind of preference which the ani- 
mals consistently learn, whether A > B 
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or B>A, is dependent upon intra-or- 
ganic conditions rather than practice. 

A further investigation confirmed the 
fact that the percentage of preference 
depends upon practice as well as upon 
the intra-organic chemical state (28). 
All of the early work, in fact, empha- 
sized two interdependent conditions of 
food preference—(a) practice and (b) 
the chemical state of the organism as 
regulated through the diet. 

A major advance came with the in- 
troduction of self-selection maintenance 
and the exact chemical control of the 
diet (29). These changes in the cor- 
ditions of maintenance were made in 
the hope of discovering the relation be- 
tween our earlier findings and the re- 
sults obtained by Richter (27). 

In the first major experiment com- 
bining self-selection maintenance with 
preference testing, Young and Chaplin 
(37) found a surprising result. An at- 
tempt was made to reverse a prefer- 
ence A > B, by creating a need for B 
through dietary deprivation. It was 
found that despite prolonged depriva- 
tion of B, and with marked signs of 
bodily need for B, the rats continued 
to accept A in preference to B. A new 
technique of testing preference was then 
tried. With the new technique the re- 
verse preference, B > A, at once devel- 
oped! For a few days the rats exhib- 
ited simultaneously two opposed pref- 
erences! When placed in the apparatus 
with which they had first been trained 
(test-foods side by side and relative po- 
sitions interchanged from trial to trial) 
the rats preferred A to B; but when 
placed in a new apparatus (test-foods 
widely separated as in a Y-maze and 
relative positions fixed throughout the 
test) they preferred B to A. Here was 
an obvious exception to the rule that 
test-foods arrange themselves into a 
transitive series! Here also was a prob- 
lem for any one who maintains that rats 
select foods in accordance with bodily 


needs, since one choice agreed with 
bodily needs and the other did not! 

The interpretation of the Young- 
Chaplin result became a matter of criti- 
cal importance for the theory of food 
acceptance. Our first explanation of 
the result was that there are two kinds 
of food preference: one based upon 
palatability and determined by the 
head receptors (A > B) and the other 
based upon organic need and depend- 
ent upon chemical conditions within the 
organism (B > A). We assumed that a 
choice necessarily made on the sole ba- 
sis of the head receptors might differ 
from one made when the head receptors 
could not function as determiners ‘of 
choice (by having the test-foods out of 
range of the head receptors at the point 
of choice). This explanation of the 
two simultaneous preferences, however, 
was necessarily abandoned after a tedi- 
ous series of control experiments. The 
validity of a distinction between pala- 
tability and appetite has been demon- 
strated in more recent experiments, but 
the distinction was not validly demon- 
strated by the work of Young and 
Chaplin. 

Control experiments proved conclu- 
sively that the Young-Chaplin result 
did not depend upon the method of test- 
ing (31). When the amount and dis- 
tribution of practice was controlled and 
the diet held constant the two methods 
of testing (foods-together and foods- 
apart) yielded precisely the same kind 
of food preference, although the degree 
to which a preference was revealed (as 
shown by the percentage of preference) 
varied somewhat with the kind of ap- 
paratus employed. Despite several at- 
tempts, we were unable to demonstrate 
one preference with one kind of appa- 
ratus and the opposite preference with 
another when the factor of practice was 
held constant. Returning to the Young- 
Chaplin result, then, we were forced to 
the conclusion that one kind of prefer- 
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ence, A > B, revealed a persistent pref- 
erential habit based upon the original 
relationships of palatability and that 
the other kind of preference, B > A, 
rested upon some factor or factors other 
than habit. Inasmuch as the newly 
forming preferential habit agreed com- 
pletely with known and manifest bodily 
need, in this and in a similar experi- 
ment upon hunger and thirst (30), we 
concluded that preferential feeding hab- 
its tend to form in agreement with bod- 
ily needs, but established feeding habits 
may persist regardless of bodily needs. 
A preferential feeding habit, in fact, 
may obscure some existing need. 

The final interpretation of the Young- 
Chaplin result confirmed the view that 
feeding habits alone may determine the 
preferential selection of food. Impor- 


tantly, however, the chemical condition 
of the organism as determined by the 
diet, regulates the initial choice. 

Our research bifurcated at this point. 


One line of investigation was directed 
toward the analysis of habit as a de- 
terminer of choice (32, 33, 34). The 
other line of work was turned toward 
the chemical and intra-organic factors 
(other than habit) which regulate tre 
selection of food (35, 38). 

Experiments upon the habit factor 
have culminated in the finding that the 
rate of learning is not dependent upon 
the palatability of the food which is 
used as an incentive (33, 34). We have 
found no evidence for the view that rats 
learn faster when offered a highly pala- 
table food than when offered a food of 
low palatability, provided the frequency 
and distribution of nibbles of food are 
the same for the two incentives. At all 
stages of practice, however, rats run 
faster to reach a highly palatable food 
than to reach one of low palatability. 
Further, there is less day-to-day vari- 
ance with the more palatable food. 
Also rats delay less in the presence of 
the highly palatable food before ac- 
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cepting it. If one thinks in terms of 
the total performance, there is no doubt 
that the level of performance is higher 
with a highly palatable reward (sugar) 
than with one which is less palatable 
(casein) at all levels of practice. 

The second line of investigation has 
been concerned with determinants of 
food acceptance other than practice, or 
training. This work has shown the ne- 
cessity of distinguishing between intra- 
organic and environmental determinants 
of food acceptance (35, 38). The se- 
lection of food by the rat clearly de- 
pends upon the characteristics of the 
foodstuff. For example, if solutions of 
sodium chloride are presented under 
stable conditions of maintenance, the 
animals show a marked preference for 
solutions with a concentration of ap- 
proximately 0.7 per cent. This optimal 
concentration is not significantly al- 
tered by the dietary deprivation of so- 
dium chloride nor even by surgical re- 
moval of the adrenal glands. 

The evidence which is now at hand 
leaves little doubt that the level of ac- 
ceptability depends directly upon char- 
acteristics of the food object—its kind, 
the concentration of solution, its tem- 
perature, texture, etc. The term pala- 
tability is commonly used within the 
science of nutrition to refer to the fact 
that the relative acceptance of food is 
dependent upon the characteristics of 
the foodstuff. This concept is even 
more important in psychological analy- 
sis than in nutritional investigations. 

When the organic state (and hence 
appetite) is held constant and when the 
factor of habit is controlied, the selec- 
tion of food still varies markedly with 
the properties of the foodstuff (pala- 
tability). Hence instead of the two 
factors which our early work disclosed 
(habit and biochemical state of the or- 
ganism) we must henceforth reckon 
with three: (a) habit and (b) the 
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chemical state of the organism and (c) 
the characteristics of the foodstuff. 

The present analysis is based mainly 
upon our experimental findings. The 
aim of this study is to find how our 
results relate to fundamental concepts 
of motivation, affectivity, and learning. 
Although the laboratory findings can 
definitely be stated in terms which are 
free from hypothesis, the findings are 
here used as a springboard for inter- 
pretation and theory. 


Do ANIMALS SELECT Foops WHICH 
THEY NEED oR Foops WHICH 
TuHey LIKE? 


Bodily need is an objective nutri- 
tional concept which can be defined 
without reference to behavior. Need 
is shown by certain symptoms of de- 
pletion such as retardation of growth, 
failure to reproduce, loss of hair, soften- 
ing of the bones, failure to maintain a 
homeostasis, or by death itself. Opera- 


tionally, need can be defined in terms 
of specific or general dietary depriva- 
tions and the associated symptoms or 
syndromes which appear after specific 
periods of partial or total deprivation. 


There are, of course, psychological 
manifestations of need as well as struc- 
tural changes: increase or decrease in 
the average level of food intake, in- 
crease or decrease in the level of ac- 
tivity, defective vision, retardation in 
performance upon the maze, changes in 
food preferences, etc. These and other 
manifestations of need have been studied 
by psychologists. Further references to 
the behavioral manifestations of need 
are frequently met in the nutritional 
literature. 

Some psychologists have used the 
term meed as practically synonymous 
with drive or motivation. This usage is 
misleading since a drive, in the psycho- 
logical sense, is something very differ- 
ent from the dietary requirements as 
specified by a nutritionist. 


Richter (15, 16) has argued that the 
maintaining of homeostasis is a funda- 
mental process and that self-regulation 
includes the mechanisms of behavior. 
When there is need for a specific sub- 
stance in order to maintain homeostasis 
the rat becomes sensitized tothe sub- 
stance required. The animal is able to 
select and balance his diet according to 
bodily needs and his food selections are, 
to a considerable extent, a dependable 
index of those needs. 

Our work supports Richter’s conten- 
tion that to a considerable extent food 
selection is an index of bodily need. 
We have found, for example, that a food 
preference can be reversed either by 
satiating a rat upon the preferred food 
or by depriving him of the non-preferred 
food. Satiation, presumably, removes 
a need by reducing it to zero, thus 
meeting it completely. Deprivation of 
some substance which is essential for 
growth or reproduction or health or for 
survival itself builds up a bodily need 
for that substance. Thus food prefer- 
ences change in agreement with bodily 
needs. 

There are, however, a good many im- 
pressive facts which indicate that food 
selection is not a dependable guide to 
the existence of bodily needs and that 
factors other than need are important 
determinants of food acceptance. Some 
of the facts which present difficulties to 
the theory that food selections reveal 
needs are summarized in the following 
generalizations: 

1. Marked food preferences develop 
when there is no known metabolic need 
and when growth and health are nor- 
mal. If rats are maintained upon a 
fully adequate diet, with an unlimited 
supply of solid food and water in their 
cages at all times, they still reveal 
marked food preferences among test- 
foods which are supplementary to the 
main diet (34). Where no known 
metabolic need exists one can hardly 
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appeal to some need in explanation of 
the facts. 

2. Rats accept with avidity a sub- 
stance which meets no metabolic need. 
Hausmann (10), Beebe-Center, et al. 
(3) have shown that rats prefer water 
sweetened with saccharin to plain wa- 
ter. Saccharin, as we know, has no 
value in nutrition; it passes through 
the body unaltered and it could not 
possibly meet a metabolic need. A di- 
rect explanation of the facts in terms 
of bodily need would be superfluous 
and misleading. 

3. The quantity of a particular food- 
stuff ingested varies markedly with its 
characteristics such as temperature, con- 
centration of solution, texture, and the 
like, as well as with the surroundings 
of the foodstuff which are not directly 
related to intrinsic properties. If bodily 
need alone determined food acceptance, 
one would expect to find fairly constant 
quantities of a substance ingested per 
day per animal. But when solutions of 
sucrose or of sodium chloride are pre- 
sented in different concentrations, the 
daily intake of these substances and of 
the total solution varies markedly with 
the concentration (35). In fact, we 
can regulate the intake of certain sub- 
stances, to some extent, by varying the 
concentration. 

4. If foodstuffs are presented under 
optimal conditions, an animal may eat 
to excess. Nelson (13) has reported 
that when rats can obtain sodium chlo- 
ride at a concentration of 0.8 per cent 
(which is very near our observed opti- 
mal concentration) they ingest great 
quantities of it. Under these conditions 
their growth is retarded, their kidneys 
and other organs become enlarged, and 
there are doubtless other symptoms of 
an excessive intake of sodium chloride. 
In other words, rats may take much 
more of a food than the quantity re- 
quired to maintain homeostasis when 
the food is obtainable under optimal 
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conditions. It may prove possible, 
when palatability is adequately con- 
trolled, to study diseases of excess as 
we now study deficiency conditions. 

5. Rats sometimes fail to select foods 
in agreement with known bodily needs. 
For example, when deprived of vitamin 
D, rachitic rats failed to show a pref- 
erence for a food containing the vitamin 
over a food which lacked the vitamin 
(20, 39). Other experiments have 
given this same result. Further, indi- 
vidual animals differ in their ability to 
select foods wisely. 

6. Toxic substances are occasionally 
accepted by animals and men with 
fatal result. For example, acetate of 
lead (which is deadly poison) is sweet 
and definitely acceptable. With other 
poisons it may be that there is no flavor 
to the toxic substance or that the flavor 
of a small but lethal quantity is masked 
by the flavor of other substances. In 
any event, it would be difficult to ex- 
plain the facts of poisoning and of 
allergy in terms of a need-acceptance 
theory. 

7. Animals and children, even adults, 
may refuse a medicine which has a foul 
odor despite the fact that the medicine 
is known to be curative. This normal 
behavior places palatability above the 
requirements of health. The question 
of bodily need may not enter the pic- 
ture. Again, people accept and even 
enjoy foods for which they have an 
allergy or which subsequently produce 
ill effects. 

8. Feeding habits may regulate the 
selection of foodstuffs with little re- 
gard to bodily needs. A rat may per- 
sistently take the food presented in a 
fixed position or in a favored container 
regardless of its quality. Such indis- 
criminate feeding can have no possible 
relation to nutritional need. Moreover, 
an established habit of feeding may 
lead to selection of food which is di- 
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rectly opposed to known bodily need 
(33). 

Now a candid study of the above 
facts will convince the impartial reader 
that the meeting of bodily need is one 
thing and food acceptance something 
else. Although food selections often are 
in accord with nutritional needs, the 
correlation between need and accept- 
ance is far from perfect. Food accept- 
ance is regulated by the characteristics 
of the food object (palatability), by the 
environmental surroundings of the food 
object, by established feeding habits, as 
well as by intra-organic chemical con- 
ditions which themselves may or may 
not be directly related to metabolic 
needs. 

In the present paper the writer is 
basing a theory of food acceptance 
upon the assumption that contact be- 
tween head receptors and a food ob- 
ject produces an immediate affective 
arousal. When a rat tastes and touches 
and smells a food there is an immedi- 
ate liking or disliking, an enjoyment or 
disgust, with a certain degree of affec- 
tive intensity. To put the matter 
bluntly: our work leads to the view 
that rats accept foods which they /ike 
(find enjoyable) and that foods differ 
in the degree to which they arouse im- 
mediate enjoyment. A preferred food 
is more intensely enjoyed than one 
which is not preferred. 

This view, that the selection of food- 
stuffs is determined by the degree of en- 
joyment, is obviously different from the 
view that animals accept foods which 
they need to maintain homeostasis and 
to survive. The two interpretations, 
however, are not logically opposed, and 
they may be regarded as supplemen- 
tary. 

Fortunately, the relation between nu- 
tritional need and affective arousal can 
be explored experimentally. Available 
results show that to an appreciable ex- 
tent rats like foods which they need. 
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In general, foods which are required to 
maintain homeostasis or to cure defi- 
ciency symptoms ‘taste good’ to the 
animal. The question should be asked: 
To what extent do animals accept foods 
which the nutritionist tells us they 
need? And what bodily mechanism 
regulates food acceptance in such a 
manner that bodily needs tend to be 
met? 

There are other more fundamental 
questions which are easier to ask than 
to answer: How can affective arousal 
be described in terms of brain dynamics 
and in terms of biochemistry? How are 
the affective processes related to the 
formation of specific food-seeking and 
food-selecting drives? How are affec- 
tive processes related to the organiza- 
tion of purposive behavior and to 
learning? Some of these questions will 
be considered below. 


Foop-SEEKING DRIVES AND AFFEC- 
TIVE AROUSAL 


General hunger. The prevailing 
theory of general hunger may be called 
the need-stimulus theory. According 
to the need-stimulus theory, general 
hunger is a condition of need produced 
by the privation of food. The mecha- 
nism of the general hunger drive is 
usually pictured in terms of the con- 
tractions of an empty stomach. The 
empty stomach contracts, thus stimu- 
lating nerves within its muscular wall. 
The frequency and persistence of gastric 
hunger contractions increase as the gen- 
eral need for food increases. Stimula- 
tions from these contractions excite the 
organism, raising the level of general 
activity; they also underlie the subjec- 
tive hunger pang. The condition of 
hunger is normally relieved by inges- 
tion of food which puts an end to gas- 
tric hunger contractions and meets the 
bodily need for food. 

Through a process of conditioning, 
according to the prevailing theory, 
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food-seeking behavior becomes increas- 
ingly controlled by environmental fac- 
tors. The usual view is that acts which 
meet the bodily need and reduce the 
hunger contractions are ‘reinforced.’ 
Primary ‘reinforcement’ comes from the 
mecting of a primary bodily need such 
as the need for food. ‘Secondary rein- 
forcement’ comes from stimulus-patterns 
more or less directly associated with 
the reduction of a primary need. Thus 
the visual and auditory stimulations 
from laboratory gadgets which deliver 
food are said to furnish ‘secondary re- 
inforcement.’ Through ‘secondary re- 
inforcement’ the rat learns to run a 


maze, to make a visual discrimination, 
to press a bar, to dig through sand, to 
endure an electric shock, to run on a 
preference apparatus in order to reach 
and ingest food. 

This development of an increasing 
environmental control over feeding be- 


havior has been aptly called the exter- 
nalization of drive (1). The doctrine 
of externalization implies the existence 
of an original internal drive. The hy- 
pothesis of externalization becomes un- 
necessary, however, if we recognize that 
all food-seeking drives are learned on 
the basis of an immediate enjoyment of 
food. 

Internal hunger, of course, does exist. 
The hungry infant does cry and scream 
and kick. The nipple in the mouth 
does bring quiescence. No one wants 
to close his eyes to any important group 
of facts. 

But the prevailing theory of general 
hunger drive is inadequate. It has been 
criticized on a number of counts which 
will not be reviewed here. We will 
point out only that this theory has no 
explanation to offer for specific hungers. 
Nor does it have an explanation for the 
facts of food preference. 


Specific hungers. The argument for 
the existence of specific hungers, or ap- 
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petites, rests upon independent vari- 
ability in the intake of foodstuffs. In 
the laboratory the average daily intake 
of one substance—protein, fat, carbo- 
hydrate, water, sodium, phosphorus, cal- 
cium, riboflavin, etc.—is found, under 
certain conditions, to vary independ- 
ently of the intake of the others. 

Independent variability in the intake 
of foodstuffs can be demonstrated by 
surgical operation. Removal of the 
adrenal glands, for example, increases 
the intake of sodium. Removal of the 
parathyroids increases the intake of 
calcium. Changes of relative intake 
occur during pregnancy and lactation. 
There are changes with age. And the 
removal of one substance from the diet 
is often associated with compensatory 
changes in the intake of other sub- 
stances. The interrelationships, as we 
know them, are complex. 

Independent variability in the intake 
of separate foodstuffs can be shown by 
experiments upon partial satiation. We 
have shown that a food preference can 
be reversed by satiating a rat upon the 
preferred food. When satiated upon 
one kind of food, however, the animal 
continues to accept other kinds of food. 
An instance of partial satiation is found 
in some observations which were re- 
ported by Bousfield (5) upon the feed- 
ing of cats. He reported that when 
cats are fed to satiation upon one kind 
of food they continue eating other foods 
and yield further curves of approach to 
satiation. Thus by measuring the quan- 
tities of food ingested Bousfield was 
able to demonstrate and determine the 
extent to which eating one kind of food 
reduced the strength of drive to eat 
another. 

Independent variability of appetites 
in the selection of foods has been dem- 
onstrated clearly by Richter’s method 
of self-selection feeding. The strength 
of this method lies in the fact that it 
presents to the animal a constant and 
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controlled nutritive environment. The 
method makes it possible to observe 
changes of intake for a group of sub- 
stances and to study the conditions 
upon which such changes depend. With 
this method Richter has demonstrated 
independently varying appetites, or spe- 
cific hungers. 

One difficulty with Richter’s method, 
as used thus far, is that a clear distinc- 
tion has not been drawn between appe- 
tite and palatability or, more simply, 
between the intraorganic and the en- 
vironmental determinants of food ac- 
ceptance. To illustrate this difficulty 
let us consider Richter’s technique 
for determining the preferential taste 
threshold. In these threshold deter- 
minations the main variable is the con- 
centration of solution. If the organic 
state *s held constant, the preference 
between distilled water and solutions 
of sodium chloride is found to vary 
with the concentration of solution. 
Since these differences depend upon the 
characteristics of the food object, one 
can argue that they are differences in 
palatability rather than differences in 
organic appetite. 

The distinction is more basic than 
the words suggest. Studies of food pref- 
erence reveal the existence of prefer- 
ences with almost any pair of test-foods 
picked at random. The _ preference 
tests yield plenty of evidence for inde- 
pendent variability in food selection. 
But shall we assume from this fact that 
every pair of test-foods yields evidence 
for the existence of independently vari- 
able appetites? Hardly, because in 
that event ~*e would have to assume al- 
most asm. specific appetites as there 
are different kinds of foodstuff. 

The writer believes that to make the 
concept of appetite, or specific hunger, 
precise there must be added to the re- 
quirement of independent variability 
one further requirement: the independ- 
ent variability in food acceptance must 
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be shown to depend upon intra-organic 
chemical conditions and not merely 
upon the characteristics of the food- 
stuff as such. To demonstrate sepa- 
rate appetites, or specific hungers, there- 
fore, one must show independent vari- 
ability in intake which depends upon 
intra-organic conditions. 

From this point of view Richter’s 
demonstration that the preferential salt 
threshold is lowered by adrenalectomy 
is a fact of great importance for the 
theory of appetite because adrenal- 
ectomy does constitute a change of 
intra-organic conditions. 

At the present time the bodily mecha- 
nism which regulates selective food ac- 
ceptance is not known. Richter has as- 
sumed that animals become sensitized 
to substances which are required to 
maintain homeostasis and hence for ex- 
istence. This mechanism, if it exists, 
is one of obvious biological utility. If 
an animal needed sodium, for example, 
the preferential threshold for this sub- 
stance would be lowered. 

In a study of the threshold for so- 
dium chloride, Bare (2) confirmed 
Richter’s finding that the preferential 
threshold is lowered by adrenalectomy, 
but he drew an important distinction 
between the absolute sensory threshold 
and the preferential threshold.  Ad- 
renalectomy lowered the preferential 
threshold, but it did not change the 
absolute sensory threshold for sodium 
chloride as determined by electrophysi- 
ological methods. In other words, the 
difference between normal and adrenal- 
ectomized rats is not one of gustatory 
sensitivity but rather one of preference. 
This finding again raises the question 
of the nature of preference and the 
bodily mechanisms of preferential food 
selection. 

Young (31) pointed out that select- 
ing and balancing a diet according to 
bodily needs can be explained by a 
mechanism of selective satiation as 
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readily as by the lowering of gustatory 
thresholds. When an animal steadily 
eats a specific kind of food, the respon- 
siveness of the gustatory cells decreases, 
we may assume, until at satiation the 
responsiveness becomes zero. In this 
connection, it should be pointed out, 
Richter’s method of continuous ex- 
posure permits a rat to ingest a food 
up to the limit of satiation and to keep 
himself satiated throughout the 24-hour 
period. It may very well be, of course, 
that satiation has nothing to do with 
the gustatory cells as such but that it 
is a more general physiological phe- 
nomenon. 

The discovery of the bodily mecha- 
nisms of specific hungers, or selective 
appetites, will have to await the ac- 
cumulation of further facts. It is our 
contention that the essential facts must 
be found within the science of behavior. 
Accepting one food, rejecting another, 
accepting with more or less avidity, 
preferring one food to another, running 
or working or accepting pain to obtain 
food, learning to operate the innumer- 
able laboratory gadgets which lead to 
food—what are these other than be- 
havioral facts? Physiologists and nu- 
tritionists have not been very enlighten- 
ing in the matter of specific hunger, 
palatability, and feeding habit. This is 
probably because they have lacked the 
benefit of sound behavioral fact and 
psychological principle. 


The basis of food-seeking and food- 
selecting behavior. The terms specific 
hunger and appetite suggest more than 
a state of bodily need. They suggest 
a desire or specific craving which has its 
basis within the tissues. They suggest 


that within the organism there are 
mechanisms which determine the seek- 
ing and selecting of foods. What is the 
nature of the physiological mechanisms 
which regulate selective food accept- 
ance? 
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Before attempting to answer the ques- 
tion let us examine a bit of experimental 
evidence (34): 

A rat is placed in the starting-box of 
our preference apparatus. After 60 
seconds the door is opened and the ani- 
mal is free to move forward upon an 
open field to sugar or casein exposed in 
a glass tube 38 cm. in front of the door. 
After a nibble the food is lowered out 
of reach. The rat now explores the ap- 
paratus and sooner or later returns to 
the starting-box from which he is re- 
moved. The experimenter has meas- 
ured with a stopwatch the time between 
release from the starting-box and in- 
itial contact with food. In the experi- 
ment under consideration there are two 
groups of rats. The animals in one 
group are rewarded on each daily run 
with a nibble of sugar; those in the 
other group, with casein. At the start 
all rats spend considerable time explor- 
ing the apparatus and some of them 
seem to find the food quite accidentally. 
With practice the animals run more and 
more directly to the food. Occasionally 
a practiced rat may be seen poised at 
the door of the starting-box and ori- 
ented toward the food (especially with 
sugar). After a few days of practice 
there is this difference between the two 
groups. The animals running to sugar 
accept this food almost at once; they do 
not pause to explore until after the food 
has been lowered out of reach. Their 
speed of locomotion in approaching the 
sugar steadily increases from day to day 
and their day-to-day variance of per- 
formance is relatively low. In contrast, 
the rats running to casein are slower; 
they delay longer before accepting the 
food and sometimes pause to explore 
before accepting it. Their performance 
shows less change with practice and the 
day-to-day variance of performance is 
definitely greater than that of the sugar- 
incentive rats. Since all experimental 
conditions are the same for the two 
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groups, except the kind of food, we may 
conclude that observed differences in 
behavior are dependent upon the kind 
of food offered as a reward or incentive. 

The observed difference between run- 
ning-to-sugar and running-to-casein can 
accurately be described as a difference 
in the strength of behevioral drive. 
This difference cannot be explained by 
reference to metabolic needs since in 
this particular experiment all rats were 
well nourished, free from any known 
metabolic need, and free from general 
hunger throughout the experiment. The 
behavioral difference between running- 
to-sugar and running-to-casein cannot 
be attributed to practice, since the fre- 
quency and distribution of runs were 
the same for both groups. At all stages 
of practice the food-approach time was 
less for sugar-incentive rats than for 
casein-incentive animals. The difference 
in behavior between running-to-sugar 
and running-to-casein cannot be referred 


directly to gustatory stimulation since 
the test-foods were out of the range of 
head receptors during most of the run 
and since, with only one run per day, 
there was an intervening period of 24 


hours between successive gustatory 
stimulations. Upon what does the dif- 
ference in food-seeking behavior de- 
pend? 

The most probable answer is that 
with practice the animals developed a 
neuromuscular set which directed them 
to the food in the center of the appa- 
ratus. This set maintained a persistent 
orientation toward the goal and its ten- 
sion component was responsible for re- 
lease of energy in food-seeking behavior. 

We assume that when a practiced rat 
is placed on the apparatus there is 
redintegrated a preparatory set. Along 
with this there is a proprioceptive ten- 
sion associated with the preparation to 
run to food. The proprioceptive ten- 
sion, implying changes in muscle tonus, 
is a persistent motivation within the 
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food-oriented rat. Persistent drive- 
stimulation comes from the muscles, 
tendons, and perhaps the joints, when 
a specific food-seeking determination 
has been activated by the environmental 
situation. This proprioceptive tension, 
we assume, is greater in the running-to- 
sugar drive than in the running-to- 
casein drive. 

When the animal is removed from the 
apparatus this proprioceptive tension 
relaxes. Then all that is left of the 
neuromuscular set is a learned neural 
organization which remains as a po- 
tential basis for redintegrating the set 
when the rat is again placed in the 
starting-box. The neural organization, 
we assume, may persist indefinitely 
apart from tonic changes in the muscles 
and independently of the chemical con- 
ditions within the body which regulate 
the relationships of palatability. The 
acquired neural organization holds over 
from day to day as the animal gradually 
learns to run to a particular food. 

In the experiment under considera- 
tion tests of preference showed that rats 
prefer sugar to casein. When given re- 
peated choices between these foods they 
accepted sugar with increasing fre- 
quency and casein with decreasing fre- 
quency. The acquired running-to-sugar 
drive acted as a selective factor in the 
situation. 

The behavioral running-to-sugar drive 
is definitely and consistently stronger 
than the running-to-casein drive at all 
levels of practice. Our criteria for de- 
termining the strength of drive are: the 
speed of locomotion, the latency of food 
acceptance, and the results of direct 
tests of preference. We would predict 
that other measures of the strength of 
drive (of which there are a good many) 
would give the same result in the com- 
parison of these two food-seeking drives. 

If we could fathom the conscious ex- 
periences of the rat, we would probably 
detect a difference between running-to- 
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sugar and running-to-casein. Certainly 
a man recognizes a qualitative difference 
between the expectancy of one kind of 
food and the expectancy of another 
kind of food. Moreover, the behavior 
of the rats suggests that they /ike sugar 
better than casein, that sugar is more 
enjoyable than casein. Insofar as rats 
resemble men, qualitative differences in 
expectancy and in enjoyment exist. 

But apart from speculation there can 
be no doubt that quantitative differ- 
ences do exist in the strength of the be- 
havioral food-seeking drives, which dif- 
ferences are dependent upon the kind 
of food, and that the strength of drive 
is directly related to the palatability 
level of the foodstuffs. 


Affective processes and food-seeking 
determinations. Our interpretation of 
the facts is that when the head recep- 
tors make contact with a specific food 
there is an immediate enjoyment with 
a definite intensity of affective arousal. 
The behavior of the total organism acts 
to continue and preserve this enjoy- 
ment. It is to preserve enjoyment that 
neuromuscular determinations are or- 
ganized. Moreover, the intensity of en- 
joyment is correlated with the strength 
of determination to continue and pre- 
serve it. For example, the determina- 
tion to continue eating sugar is stronger 
than the determination to continue eat- 
ing casein. 

We will tentatively call this view the 
affective-determination theory to have 
a designation which stands in contrast 
with the prevailing need-stimulus theory 
of drive. According to the affective-de- 
termination theory all specific food- 
seeking and food-selecting drives are 
learned. They are organized cortically 


to continue and preserve an immediate 
enjoyment of foods which in some de- 
gree are acceptable. 

According to the need-stimulus the- 
ory ‘primary reinforcement’ comes from 





the relief of need. According to the 
affective-determination theory the re- 
lief from distress in any form is an 
affective change. The organism or- 
ganizes central determinations which 
continue those behavioral patterns 
which lead to the relief of distress. 
Food-accepting behavior may be or- 
ganized on the affective basis of relief 
from organic hunger (as postulated in 
the need-stimulus theory’) but actu- 
ally the experimental facts point more 
clearly in a different direction. It is 
an immediate positive affective arousal 
(enjoyment of food) which leads to 
the organization of food-seeking deter- 
minations rather than the more remote 
and delayed relief of gastric hunger. 
Food deprivation operates in some way 
to make the foods of which the animal 
is deprived more enjoyable when con- 
tact with them has been made. 

According to the need-stimulus theory 
‘secondary reinforcement’ comes from 
the activities of chewing and swallowing 
food and from the environmental stimu- 
lations which immediately precede these 
activities. These activities become ‘re- 
inforcing’ because they are assoc’>ted 
with the reduction of gastric hunger 
According to the affective-determination 
theory it is the immediate and direct 
contact of head receptors with foodstuff 
which produces an affective arousal 
and on the basis of this affective arousal 
a food-seeking determination is organ- 
ized. 

Food-seeking drives and food selec- 
tion may also be based upon the relief 
from internal distress, especially from 
the symptoms produced by deprivation 
of a needed substance. In a pioneer 
study of the appetite for vitamin B, 
Harris et al. (9) have shown that the 
rat must /earn to associate relief from 
deficiency symptoms with some charac- 
teristic of the food before the appetite 
for the vitamin can be demonstrated. 
More recently, Scott and Verney (17) 
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have confirmed this view. They con- 
cluded that the appetites for thiamine, 
riboflavin, and pyridoxine are acquired 
on the basis of a subjective feeling of 
well-being which is associated with some 
characteristic of the vitamin-containing 
food. Again, after an extended series 
of experiments with chemically pure 
foods, Scott and Verney (18) concluded 
(in agreement with the present writer) 
that the choice of foods is not directly 
dependent upon their nutritional na- 
ture but rather upon the animal’s sub- 
jective response. 

According to the need-stimulus theory 
of drive the source of motivation is 
found in persistent stimulations from 
tissues in need, such as the contractions 
of an empty stomach or the persist- 
ent pain-pressure stimulations from the 
parched throat in thirst. According to 
the affective-determination theory per- 
sistent motivation comes from the pro- 
prioceptors when the organism is in a 
set with expectant tension. 

When a rat is placed in an environ- 
mental situation (apparatus) to which 
he is well habituated there is redinte- 
grated in him a specific neuromuscu- 
lar determination. This redintegration 
builds up a more or less persistent pro- 
prioceptive stimulation which furnishes 
physiological drive. But wholly apart 
from proprioceptive stimulation and pre- 
paratory adjustment the well-trained 
animal responds to environmental stimu- 
lations, immediately and automatically, 
with patterns of learned behavior which 
lead him to food. The food-seeking pat- 
terns may become so completely auto- 
matic that they resemble reflexes. 

According to the need-stimulus theory 
the strength of drive varies with the de- 
gree of need. But it has been shown 
experimentally that the relation between 
the strength of the behavioral hunger 
drive and the period of food deprivation 
is not linear. The strength of behav- 
ioral drive reaches a peak after several 
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days of deprivation and then declines; 
but the need for food increases steadily 
with deprivation until death through 
starvation. Despite this difficulty one 
commonly reads of a 24-hour hunger 
drive or a 48-hour drive! One reason 
why the quantitative psychology of 
food-seeking motivation has been so 
backward and inexact lies in the fact 
that the strength of hunger and thirst 
has been controlled solely through dep- 
rivation, palatability relations being 
ignored. 

According to the affective-determina- 
tion theory the strength of behavioral 
drive, as actually observed and meas- 
ured, varies with many conditions (36). 
There are three main groups of pa- 
rameters: (1) Intra-organic conditions 
including specific hungers and non-ap- 
petitive constitutional factors. (2) En- 


vironmental conditions including palat- 
ability and non-palatability factors. 
(3) Feeding habits and attitudes al- 
ready acquired by the organism. To 


control the strength of drive one should 
keep all of the factors constant except 
one which is experimentally varied. 
For example, the strength of drive 
might be controlled by varying the pal- 
atability level of the incentive food. 
One might vary only the concentration 
of saccharin solution presented as a re- 
ward to well-nourished, non-hungry rats 
(3, 10). 

Any theory of food-seeking and food- 
selecting drive must explain the facts. 
The affective-determination theory of- 
fers a plausible explanation of facts 
brought to light in experiments upon 
food acceptance: the uniformity and 
stability and consistency of food pref- 
erences, the transitive series or hier- 
archies of preference which have been 
repeatedly found, the dependence of 
food acceptance upon the characteristics 
of the food object as well as upon the 
chemical state of the organism, the cor- 
relation between the observed strength 
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of behavioral drive and the measured 
level of palatability, the gross fact that 
adequate motivation can be obtained 
with a food incentive in the absence of 
bodily need, and similar facts. The 
need-stimulus theory simply does not 
offer satisfactory explanation for any 
of these facts. 

Some related work. Bindra (4) be- 
lieves that the motivation for hoarding 
food is the same as that for eating food 
and that a non-alimentary mechanism 
determines both hoarding and eating. 
Interestingly enough, he found that the 
number of units of food hoarded was 
greater when a wet mash containing 
saccharin was offered than when pellets 
of Purina Chow were presented. The 
sweet wet mash was preferred in hoard- 
ing even though the saccharin has no 
utility in meeting bodily need! It is of 
theoretical importance that the more 
palatable food evoked the greater ac- 
tivity of hoarding. This is in line with 


our repeated finding that the more pal- 
atable food evokes the greater rate of 
running. 

Bindra’s reference to a non-alimen- 
tary mechanism raises an interesting 


problem. A neuromuscular set with 
proprioceptive tension is a non-alimen- 
tary mechanism. It is likely, however, 
that the bodily preparation for a par- 
ticular kind of food includes changes 
in the tonus of the smooth muscles of 
the alimentary tract and changes in the 
activity of salivary and gastric glands. 
It is the organism as a whole which is 
prepared for food. We would predict 
the existence of quantitative relations 
between the degree of salivary secretion 
and the palatability level of the food 
incentive. The relation between the 
alimentary and non-alimentary factors 
in food-seeking drive is something which 
needs to be studied experimentally. 
Another paper, pertinent to our pres- 
ent discussion, is that of Elliott and 
Bousfield (7). After reviewing the facts 
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relative to deprivation these writers 
have pointed out that it is difficult to 
demonstrate any simple and general re- 
lation between deprivation and behav- 
ior. The various drives have similar 
behavioral effects and probably have 
similar bodily mechanisms. 

In certain respects, Elliott and Bous- 
field argue, drives are like emotions. In 
both there are two basic mechanisms of 
motivation. First, there is a proprio- 
ceptive mechanism which builds up 
muscular tensions. In so far as can be 
determined from the available data, the 
effects of proprioceptive tension and 
hunger contractions are similar. In 
both there are volleys of afferent nerve 
impulses which result in the facilitation 
of skeletal reflexes and of central proc- 
esses. One and the same mechanism 
may be assumed for proprioceptive ten- 
sion and hunger contractions. Second, 
there is a sympathico-adrenal mecha- 
nism which operates in hunger and in 
other emergency conditions. These two 
mechanisms, the proprioceptive and the 
sympathico-adrenal, account satisfac- 
torily, Elliott and Bousfield believe, for 
the varied behavioral effects of hunger. 

We agree with their analysis so far 
as it goes. Our research to date, how- 
ever, has tended to emphasize the first 
of these mechanisms—the propriocep- 
tive mechanism. We believe that the 
selection of food is fundamentally a bio- 
chemical process and that its bodily 
mechanism is more general and more 
complex than is the sympathico-adrenal 
mechanism alone. 

Relative to the proprioceptive mecha- 
nism a brief methodological paper by 
Geier (8) is of interest. Geier described 
a technique for measuring the bodily 
tension associated with expectation of 
food. He placed rats for one minute 
prior to feeding (or to non-feeding) in 
an activity wheel. By recording their 
activity he demonstrated that rats ‘ex- 
pecting’ food made more revolutions per 
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minute than similar rats. not ‘expecting’ 
food. Underlying this work is the as- 
sumption that when a rat is ‘expecting’ 
food a tension of expectancy is built 
up. The rat can reduce or work off this 
tension by running in an activity wheel. 
Geier’s work is based upon Tolman’s 
well-known hypothesis of expectation. 
Assuming the method to be sound, we 
would predict that rats ‘expecting’ a 
highly palatable food such as sucrose 
would be more active in the wheel than 
those ‘expecting’ a food of low palat- 
ability such as casein. An experimen- 
tal test of this hypothesis could readily 
be made. 

In concluding this section we point 
out that the above interpretation of 
food-seeking and food-selecting behav- 
ior recognizes the fundamental impor- 
tance of affective arousal in the organi- 
zation of drives. The theory is frankly 
hedonic. Affective arousal in the rat is 
assumed on the basis of the rats’ behav- 
ior and human experience. Some day, 
we believe, affective arousal will be de- 
scribed objectively in terms of brain 
dynamics and the underlying biochemi- 
cal processes. For the present the as- 
sumption of affective processes within 
the rat appears to be the simplest hy- 
pothesis for interpreting the available 
data upon relative food acceptance. 

The assumption of affective processes 
has wider implications than those within 
the area of food acceptance. The as- 
sumption of affective arousal is funda- 
mental in such broad fields of investiga- 
tion as the study of pain avoidance, 
anxiety, neurosis, sexual behavior, as 
well as in the general theory of motiva- 
tion. 

The above analysis brings together 
three fundamental aspects of motivation 
which have heretofore been treated 
somewhat apart. First, psychological 
hedonism, an ancient doctrine, is im- 
plied by the assumption that affective 
processes organize determinations which 


are expressed in behavior and that there 
is a quantitative relation between ob- 
served strength of drive and affective 
intensity. Second, the theory of or- 
ganic set or determination has long 
been central in the analysis of motiva- 
tion. In the present study we have 
assumed that determinations (organic 
sets) are organized to continue enjoy- 
ment and to relieve distress. Third, 
persistent organic stimulation has long 
been recognized as a factor in physio- 
logical drives. ‘The present emphasis 
upon proprioceptive tension indicates a 
source of persistent drive stimulation in 
lieu of (or in addition to) the usual 
accounts of stimulations from tissues in 
need. 

These three aspects of motivation— 
affective process, neuromuscular and 
neural determination (set), propriocep- 
tive stimulation or tension—are, there- 
fore, related to each other in the pres- 
ent theoretical analysis. Further, we 
have emphasized the fundamental im- 
portance of biochemical factors in the 
determination of relative food accept- 
ance. 


AFFECTIVE AROUSAL AND LEARNING 


In current discussions of learning the 
word reinforcement frequently occurs. 
What does it mean? The writer, for 
one, does not know. The word suggests 
a strengthening similar to that due to 
practice, or training, but clearly the 
word does not refer to the effects of 
exercise as such. 

The ingestion of food is said to ‘rein- 
force’ patterns of behavior which lead 
up to ingestion. In a recent paper pre- 
sented to the American Psychological 
Association, the quantity of food con- 
sumed is accepted as an index of the 
quantity of ‘reinforcement.’ Here is re- 
inforcement measured right down tc 
the fraction of a gram! The relief of 
general hunger is commonly described 
as ‘reinforcing.’ The relief from anx- 
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iety, according to O. H. Mowrer, is ‘re- 
inforcing’ since patterns of behavior 
which reduce anxiety are repeated and 
learned. What is reinforcement? 

The word reinforcement appears to 
carry the implication that affective proc- 
esses are importantly related to learn- 
ing. But how are affective processes 
related to learning? The answer is not 
clear from current discussions. Obvi- 
ously, certain stimulus-objects do not 
reinforce. Perhaps they are affectively 
indifferent (?). Other stimulus-objects 
relieve distress and this relief ‘rein- 
forces’ behavior. Positive enjoyment, 
however, as well as relief from distress, 
appears to provide ‘reinforcement.’ 

If we look at this matter historically, 
we find that for a good many centuries 
the pleasure-pain theory of learning was 
quite generally accepted. Affective proc- 
esses were frankly recognized as being 
related to learning. In modern times 


Thorndike formulated his law of effect; 
affective processes were admitted in the 
form of satisfaction and annoyance. 
Under criticism Thorndike abandoned 
affective processes, largely because of 
their subjective nature, and stated the 
law of effect objectively in terms of be- 


havior. Like the family cat, however, 
who was kicked out the back door and 
later slipped in at the front door, af- 
fective processes were ejected (or 
should we say evicted?) from Ameri- 
can psychology. Soon it became re- 
spectable to talk about reinforcement. 
Have we been duped? 

In considering the problem of affec- 
tive processes as related to learning we 
will define learning as a modification 
of behavior and of neural organization 
which is produced ‘ ough practice, or 
training. The making of an organized 
response is the sine qua non of learn- 
ing. An animal must act to learn and 
he learns precisely the activity exer- 
cised. With practice, or training, an 
acquired pattern of response becomes 
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smoother, better organized, more readily 
elicited. 

Now affective processes are not neces- 
sary for learning to occur. Sheer repe- 
tition when the affective state is indif- 
ferent may result in learning. More- 
over, consciousness is not necessary for 
learning to occur. A decorticate dog 
(presumably unconscious) is capable of 
learning. Even the simultaneous ex- 
citation of two neurons may result in 
a functional change which can signifi- 
cantly be described as learning. 

Since affective processes are not es- 
sential for learning, just how are they 
related to learning? In terms of brain 
dynamics we think of enjoyment as as- 
sociated with the process of organizing 
patterns of response and with the main- 
taining of recently organized response 
patterns. We think of distress as re- 
lated to a central disorganization pro- 
duced through frustration, intense stimu- 
lation, and certain sensory excitations 
such as those from bitter substances. 
The relief from distress is related to the 
organizing and maintaining of patterns 
of response which produce relief. 

Thus enjoyment, distress, and relief 
are intimately associated with the or- 
ganizing and disorganizing of patterns 
of response. Is the process of organ- 
izing to be regarded as a form of learn- 
ing? We think not. If learning is de- 
fined as the process of organizing, the 
definition of learning becomes so broad 
that it is practically useless in psychol- 
ogy. It is better to think of learning 
in terms of the fixation of organized 
response patterns through exercise. A 
single response may result in some learn- 
ing, but practice and training imply the 
repetition of an organized response. 

Of course, there are conditions other 
than affective arousal which lead to psy- 
chological organization and to disorgani- 
zation. Gestalt psychologists have long 
stressed the fact that perceptual organi- 
zation is determined by the configura- 
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tion of energy within the stimulus field 
as well as by the physical structure of 
the brain. Again, habits and attitudes 
which have already been learned are 
themselves factors in further psycho- 
logical organization. Practice _ itself 
makes for a smoother, better integrated 
response, and is thus a factor in the 
development of psychological organiza- 
tion. 

Enjoyment and the relief from dis- 
tress, therefore, are conceived as inti- 
mately related to psychological organi- 
zation and disorganization. 


The relation between practice and 
affective arousal. If rats are given a 
series of runs on our apparatus for 
a single food incentive, their rate of 
running increases steadily with practice. 
For this reason the absolute rate of run- 
ning is not a dependable index of the 
palatability level of the test-food. The 
relative rates of running for different 
foods, however, agree with the palat- 


ability ratings when practice is the 


same for all. If the frequency and dis- 
tribution of runs are the same, rats at 
all levels of practice run consistently 
faster to a preferred food than to one 
which is not preferred. The results sug- 
gest that practice and palatability level 
are independent factors which deter- 
mine the rate of running to food. 

Several of our experiments throw 
light upon the relation between practice 
and palatability: 

In one experiment an attempt was 
made to reverse the preference of sugar 
to casein by training the rats to run for 
casein alone, without choice. The gen- 
eral plan of the experiment was to give 
a series of brief tests of preference be- 
tween sugar and casein. Practice in 
running for casein, the non-preferred 
food, was interspersed between these 
tests. The results showed clearly that 
the rate of running for casein increased 
steadily with practice but that practice 
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up to 1000 runs per rat did not disturb 
the initial preference for sugar. On the 
contrary, the percentage of preference 
for sugar increased steadily from test 
to test (despite the running for casein) 
until at the close of the experiment there 
was a 100 per cent preference for sugar. 
A control group without intervening 
practice also exhibited a consistent 
preferential trend toward a 100 per cent 
preference of sugar to casein (32). 

In an earlier experiment under some- 
what different conditions the opposite 
result had been obtained. The rats of 
one group had been trained in running 
to wheat and those of another group 
had been trained in running to sugar 
prior to any test of preference. When 
the preference between wheat and sugar 
was first tested the wheat-habituated 
rats continued to select wheat and the 
sugar-habituated rats continued to se- 
lect sugar. During repeated tests the 
preference for wheat was stable but the 
preference for sugar weakened and with 
some animals it reversed. The results 
suggested that the particular diet, of 
the experiment would support a stakle 
wheat preference but not a stable re 
preference (28). 

These two opposed results can be rec- 
onciled by recognizing that sugar and 
wheat are nearly equal in palatability 
and that casein is distinctly less palat- 
able than either sugar or wheat (under 
dietary conditions of the experiment). 
If test-foods are nearly equal in pal- 
atability, practice may be temporarily 
effective in determining choice; but if 
the test-foods differ widely in the level 
of palatability, practice in running for 
the less palatable food is ineffective in 
changing a preferential selection. Prac- 
tice may develop a food-accepting habit 
but palatability rests upon a chemical 
basis and is something which is inde- 
pendent of practice. 

Other experiments with the preference 
technique leave no doubt concerning the 
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great importance of habit as a deter- 
miner of food selection. 

In the introductory paragraphs of 
this paper we pointed out that animals 
learn a preferential discrimination and 
that the percentage of preference in- 
creases with practice. In early experi- 
ments we used the technique of substi- 
tuting one pair of test-foods for another 
or of abruptly changing one member 
of the pair. This iechnique revealed 
abrupt changes in the percentage of 
preference followed by gradual prefer- 
ential trends. In one such experiment, 
for example, tests of preference were 
made with sugar and three other test- 
foods; sugar was consistently preferred 
to them all. Then milk (a new food) 
was tested with sugar. At the start the 
animals continued to select sugar but 
with continued testing the preference 
weakened and then reversed. The last 
tests revealed an unmistakable prefer- 
ence of milk to sugar. The curve of 
preferential trend was in the form of a 
gradual wave first above and then be- 
low the 50 per cent sugar-acceptance 
line. This curve of preferential trend 
can be explained by assuming that the 
rats were habituated to selecting sugar, 
a highly palatable food, before milk 
was introduced. When milk, the most 
palatable food of all, was presented the 
sugar-selecting habit gradually weak- 
ened and the milk-selecting habit gradu- 
ally strengthened (23). 

We noted above that a preference can 
be reversed either by satiating rats upon 
the preferred food or by depriving them 
of the non-preferred food. But in 
neither case does the reversal occur 
at once. On the contrary, there are 
gradual changes in the relative fre- 
quency of selecting the two foods until 
finally, with practice, the original pref- 
erence is reversed. The gradualness of 
these preferential changes indicates that 
a percentage of preference is dependent 
upon practice and that for this reason 








Paut THomas YOUNG 


a fixed percentage of preference cannot 
be used as a univocal index of a differ- 
ence in palatability. 

In the experiment of Young and 
Chaplin (37) the continued preference 
of sugar to casein, despite a marked 
bodily need for casein, was finally ex- 
plained in terms of habit. The inter- 
pretation affirms that an _ established 
preferential habit can regulate the se- 
lection of food independently of bodily 
need and even contrary to need and 
to normal palatability relations. When 
the rats in this experiment were forced 
to form a new preferential habit on a 
new kind of apparatus they at once se- 
lected casein in preference to sugar. 
The new preferential habit revealed the 
true palatability relations under the 
changed dietary and testing conditions. 
An established feeding habit, therefore, 
may dominate the choice of food irre- 
spective of bodily need and irrespective 
of the chemically-determined and stable 
relationships of palatability. 

Perhaps this result can be regarded as 
an instance of the functional autonomy 
of habits—the persistence of habits de- 
spite change in the underlying condi- 
tions of need. Further examples of the 
dominance of habit mechanisms despite 
changes of internal organic state are to 
be found in the experiments of Spence 
and Lippitt (19) and Brogden (6) 
which will be discussed below. 

The total evidence indicates clearly 
that a habit mechanism may regulate 
the preferential selection of food in- 
dependently of palatability. A habit 
mechanism may even obscure the true 
relationships of palatability and for this 
reason practice must be carefully con- 
trolled before making any generaliza- 
tion about palatability. Practice is one 
thing; affective arousal is something 
eise. 


Practice and affective intensity as in- 
dependent determinants of the strength 
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of behavioral drive. Experiments upon 
food acceptance have shown clearly that 
the strength of behavioral drive in run- 
ning to food depends upon at least 
two independently variable conditions. 
First, practice is an important determi- 
nant of the rate of running to food. It 
is beyond question that the strength of 
an acquired food-seeking drive varies 
directly with the frequency and tempo- 
ral distribution of runs. Second, there 
is a direct quantitative relation between 
the intensity of affective arousal (as 
shown by tests of preference) and the 
strength of behavioral drive toward a 
specific food (as measured by the rate 
of running and the latency of food ac- 
ceptance) (33, 34). 

In other words, the measured strength 
of behavioral drive varies both with 
practice and with affective intensity. 
These two determinants of the strength 
of drive are relatively independent of 
each other. Evidence that practice and 
affective intensity are independent de- 
terminants of the strength of drive can 
be summed up in the following three 
points: 

1. It has been repeatedly observed 
that practice brings an increase in the 
percentage of choices of the preferred 
food. Practice raises the percentage of 
choices to a ceiling somewhere between 
50 and 100 per cent. But practice does 
not change the palatability relations 
among a group of test-foods. In one 
experiment three test-foods were used 
and the three pairs of foods were given 
equal practice. All the percentages of 
preference changed with practice but 
the hierarchy of relative palatability re- 
mained the same at every stage of prac- 
tice (33). Practice revealed the pref- 
erential relations with increasing clarity 
and definiteness, but practice did not 
change the chemically-determined rela- 
tionships of palatability. Practice and 
palatability are distinct and independ- 
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ent determinants of the percentage of 
preference. 

2. When rats are run on our appara- 
tus for a single food, without choice, 
the rate of running steadily increases 
with practice. If the daily runs are 
omitted for a time (as during a vacation 
period) the rate of running is lower 
after the pause. There can be no doubt 
that the rate of running for a single 
food varies with the frequency, the re- 
cency, and the temporal distribution of 
runs. Now if the two foods which dif- 
fer markedly in palatability are em- 
ployed as incentives, and the frequency 
and distribution of runs are the same 
for both, the rats run consistently faster 
for the preferred food. At all stages of 
practice the preferred food evokes the 
higher rate of running. In other words, 
to repeat, the rate of running for a 
single food is dependent upon two in- 
dependently variable factors: the level 
of palatability (intensity of affective 
arousal) and the number and temporal 
distribution of runs (33). 

3. In one experiment rats were given 
a single run per day at the same hour 
of day to keep the factor of practice 
constant. Under these conditions it 
was found that rats running to sugar 
ran consistently faster at all stages of 
practice than those running to casein. 
These incentive differences in the rate 
of running cannot be attributed to prac- 
tice since the factor of practice was 
constant. The differences depend upon 
the quality of the reward and they are 
motivational in nature. 

To equalize motivational differences 
we added together, cumulatively, the 
total daily running times for each rat 
regardless of the kind of reward, and 
then we called the total time for each 
rat unity. This procedure equalized 
motivational differences due to the kind 
of food and to constitutional factors 
which are reflected in the speed of 
locomotion. The total cumulative ap- 
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proach time for each animal was then 
divided into thirds. The number of 
runs made by a rat during the first 
third, the second third, and the third 
third of his total cumulative time was 
determined from the data sheets. The 
group data were plotted. The curves 
showed an increase in the number of 
runs with practice from one third to 
the next third of the running time. 
But under these conditions the practice 
function was the same for all three test- 
foods. The rats did not /earn faster for 
one food than for another. We con- 
cluded that Jearning is dependent upon 
the number and distribution of runs and 
that when practice is held constant the 
rate of learning does not vary with the 
palatability of the test-food. The rate 
of running, however, is directly related 
to palatability and this relation ap- 
peared clearly at all stages of practice. 
The rate of running is dependent upon 
both motivation and practice which are 
independent variables (33, 34). 

This conclusion may appear not to 
agree with common sense expectation 
based upon a confusivn of performance 
(which depends upon many factors in- 
cluding exercise) and learning (which 
depends upon exercise alone). The 
teacher knows that Johnnie works his 
arithmetic better for a good reward 
than for a bad one. Of course, if our 
rats had been run continuously for 15 
minutes daily, the sugar-incentive rats 
would have made more runs during the 
period than casein-incentive animals. 
For this reason alone they would have 
learned faster with a sugar incentive. 
But in a fair comparison of incentives 
the number and temporal distribution 
of runs must be held constant and only 
the one factor in which we are inter- 
ested (palatability) varied. 

The conclusion can be stated as a 
paradox: The rat learns to run faster to 
sugar than to casein, but he does not 
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learn faster to run to one food than to 
another. 

The conclusion to which we are drawn 
has a clear bearing upon the much dis- 
cussed law of effect (14). It is our 
view that the laws of learning are en- 
tirely laws of exercise, practice or train- 
ing, and that affective arousal is only 
secondarily related to learning. Affec- 
tive arousal is related primarily to the 
organizing and disorganizing of psycho- 
logical processes. If an organized re- 
sponse is made, to prolong enjoyment 
or relieve distress, this organized re- 
sponse leaves after it some neural trace. 
This neural trace is fixated by exercise 
rather than by affective processes. 

The above lines of evidence and argu- 
ment lead to a single conclusion: The 
strength of behavioral drive in food- 
seeking depends upon two relatively in- 
dependent factors—exercise and the in- 
tensity of affective arousal. 


The acquisition and redintegration of 
food-seeking determinations. A positive 
or pleasant affective arousal results in 
an organized response to continue or 


preserve the enjoyment. A negative or 
unpleasant affective arousal results in 
various signs of psychological disorgani- 
zation. The relief from distress is an 
affective process which organizes behav- 
ior to continue or preserve relief. 

Any response which an organism 
makes may leave after it some physical 
change within the nervous system which 
is the physical basis of learning. 

Positive affective processes lead to 
the organization of neural determina- 
tions which are shown in persistent pur- 
posive behavior. An intense enjoyment 
organizes a strong drive; a less intense 
enjoyment organizes a less strong drive. 
In every day terms we might say that 
there is an identity between degree of 
enjoyment and degree of desire. 

When positive affective arousal is re- 
peated day after day the organizing 
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process is repeated. At this point learn- 
ing comes into the picture. When a 
naive rat is placed in our apparatus he 
explores timidly and finds the food re- 
ward seemingly by accident. When a 
practiced rat is placed in the apparatus 
and later released from the starting-box 
he runs promptly and smoothly to the 
food. Clearly he has learned something. 
With the practiced animal the stimulus- 
patterns from the apparatus redinte- 
grate an acquired determination to run 
to food. Possibly there is an expect- 
ancy of a particular kind of food. The 
expectant set is shown by occasional at- 
tempts to raise the door prematurely 
and by the bodily orientation toward 
the door and the food. But even when 
these activities do not occur the animal 
still runs promptly to the food when 
the door is opened. Visual and auditory 
stimulations from the apparatus pre- 
sumably release the acquired purposive 
behavior. 

The rat in the starting-box awaiting 
release resembles an automobile driver 
poised before a traffic light. Flashing 
of the green light releases a pattern of 
behavior for which the subject is al- 
ready prepared. 

There can be little doubt that en- 
vironmental stimulus-patterns redinte- 
grate food-seeking determinations in the 
rat. A question of considerable theo- 
retical importance, however, is the one 
considered in the next section. 


Can the organic state redintegrate ap- 
propriate food-seeking behavior? Does 
the hungry animal seek food and the 
thirsty animal seek water in one and 
the same environment? To what ex- 
tent do bodily needs act selectively in 
building up appropriate food-seeking de- 
terminations? 

The early experiments of Hull and 
Leeper demonstrate that rats can learn 
to take one path to food when hungry 
and another path to water when thirsty. 
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Hull (11) argued that the explanation 
of this discrimination was in the differ- 
ence between the organic stimulus-pat- 
terns of hunger and thirst. Through 
conditioning, he believed, the animal 
learned to take one turn in the presence 
of an environment plus hunger and an- 
other turn in the presence of the same 
environment plus thirst. 

Kendler (12) has criticized Hull’s 
interpretation. Kendler deprived rats 
of solid food and water so that at the 
time of training they were both hungry 
and thirsty. He trained these animals 
in a simple T-maze with water in one 
goal box and food in the other. The 
experimental procedure was planned so 
that all rats would have equal oppor- 
tunity to explore both goal boxes. In 
the critical test series the rats were 
made either hungry or thirsty but not 
both hungry and thirsty. 

Kendler found that the hungry rats 
were able to go directly to food and the 
thirsty rats to water. In view of their 
known organic state their choice of 
pathway was clearly appropriate. Ken- 
dler argued that since the training had 
been under a single physiological drive 
(that produced by inner stimulation 
from simultaneous hunger and thirst), 
the discrimination of pathway could not 
be referred to some difference between 
the organic stimulus-patterns arising 
either from hunger or from thirst. Con- 
sequently, Kendler concluded, Hull’s 
explanation of the hunger-thirst dis- 
crimination is not correct. 

Our interpretation of the facts would 
be as follows: During the training pe- 
riod the hungry-thirsty rats enjoyed 
nibbles of food in one place and sips 
of water in another place. On the basis 
of an immediate affective arousal two 
independent food-going determinations 
were organized and they were both 
equally practiced. One determination 
directed the animal to solid food, the 
other determination to water. At the 

















time of the critical test there was clearly 
some selective factor. What is it? This 
factor, we believe, is the state of satia- 
tion produced by the experimenter. 
The hungry rats were also water-sati- 
ated; the thirsty rats were also food- 
satiated. Whatever satiation may ulti- 
mately turn out to be, it is obviously 
an organic condition which inhibits the 
acceptance of a particular kind of nu- 
trient. Hence, since the water-going 
and food-going determinations were 
equally practiced at the time of the 
test, the state of satiation would act 
and did act selectively by weakening 
the inappropriate determination. Con- 
sequently the hungry rats were uni- 
vocally determined to go to food and 
the thirsty animals to water. 

Another experiment which is apropos 
is that of Spence and Lippitt (19). 
These investigators trained rats to run 
a Y-maze under thirst motivation. One 
path led to water. The other path led 
to food (for half of the rats) or to an 
empty box (for the other half). Inas- 
much as the rats were food-satiated, 
they did not eat when they discovered 
the food in the food box. In the criti- 
cal test series the internal motivation 
was changed. The rats were now made 
hungry but satiated upon water. 

Spence and Lippitt found that on the 
first trial the hungry animals inappro- 
priately ran down the water alley to 
water. In further runs the hungry rats 
learned to run to food but they learned 
no faster than the animals which had 
never found food there during the train- 
ing period. Mere ‘knowledge’ based 
upon sensory inspection of the food but 
without ingestion was of no avail in re- 
learning to run to food instead of to 
water. 

Our interpretation of the Spence-Lip- 
pitt result is as follows: During train- 
ing there was no hunger, no food ac- 
ceptance, no affective arousal through 
contact with food, and hence no ac- 
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quired determination to run to food. 
There must have been some perceptual 
organization relative to food (‘knowl- 
edge’) but a neural set to run to food 
was not organized. On the other hand, 
through enjoyment of sips of water 
there was definitely organized in all 
rats a water-seeking determination. 
This determination was fixated through 
exercise. When the organic state was 
changed from thirst to hunger and the 
hungry animals were placed in the 
familiar apparatus the environmental 
stimulus-patterns redintegrated the only 
purposive determination which had been 
learned—that which was made manifest 
by running to water. With further 
trials the hungry rats organized and 
practiced a food-seeking determination. 
The positive affective arousal through 
contact with food was necessary for this 
purposive determination to develop. 

As to the possibility of an effective 
‘knowledge’ factor, it is our opinion that 
the Spence-Lippitt experiment does not 
disprove Professor Tolman’s hypothesis. 
In a fair test there should be equivalent 
‘knowledge’ of the food location and of 
the water location prior to the develop- 
ment of any selective motivation. This 
condition was not met by the Spence- 
Lippitt experiment. 

In the present connection an experi- 
ment by Brogden (6) has theoretical 
interest. Brogden found that the rate 
of extinction of a conditioned leg flexion 
was nearly the same with hungry and 
satiated dogs. He demonstrated that 
stimulations from the apparatus which 
delivered the food were more important 
in preserving a learned response than 
the organic state of hunger or satiety. 
Brogden interpreted his findings in 
terms of Anderson’s theory of externali- 
zation of drive. 

Our interpretation would be some- 
what different. The leg flexion under 
the conditions of Brogden’s experiment 
was in the first place organized under 
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affective conditions—relief from pain 
and later enjoyment of food. With 
practice this response became automatic 
and controlled by environmental con- 
ditions. The response became a habit 
regulated by an acquired neural mecha- 
nism. Under these conditions a change 
from hunger to satiety should not be 
expected to make very much difference 
in the extinction time of the conditioned 
response. A problem arises only when 
we assume that the original motivation 
for food acceptance was the gastric 
hunger tension. 

In concluding the present section of 
our discussion the writer expresses the 
view that positive or pleasant affective 
processes lead immediately to the or- 
ganization of central neural determina- 
tions which are expressed in purposive 
behavior. Behavior moves to sustain 
and preserve enjoyment as well as to 
relieve distress. Affective processes are 
the raison d’étre of purposive activity. 
By its very nature enjoyment is some- 
thing to be maintained or regained; 
distress is something to be relieved or 
avoided. The organization of behavior 
to preserve enjoyment and to relieve 
distress implies a corresponding neural 
organization of response patterns. Quite 
frankly we believe that there is an he- 
donic steering, directing, principle. 

We do not claim that affective arousal 
is the sine qua non of learning; nor that 
affective arousal ‘reinforces’ certain be- 
havioral patterns. We claim rather that 
patterns of purposive behavior are or- 
ganized to preserve enjoyment and to 
relieve distress, and that enjoyment and 
relief are organizing processes. Fur- 
ther, we recognize other principles of 
organization and disorganization than 
the hedonic principle. 


GENERAL CONCLUSIONS 


The present paper is a study of the 
theoretical implications of the writer’s 
experiments upon food acceptance and 
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the relation of this work to current 
views concerning food-seeking drive, 
affective process, and learning. On the 
basis of the discussion the following 
general conclusions are drawn: 

1. Affective processes exist in the rat 
as truly as in man. When the head re- 
ceptors, especially those of taste and 
touch and smell, come in contact with 
a food there is an affective arousal 
which we have designated as enjoyment. 
Different intensities or degrees of en- 
joyment are revealed directly by the 
feeding behavior of rats and by tests 
of preference. Distress produced by 
deprivation and the relief of distress 
through food ingestion are also affec- 
tive processes which are importantly re- 
lated to food acceptance. 

2. An hedonic theory of drive is pro- 
posed. Specific food-seeking determina- 
tions are organized within the nervous 
system to preserve the enjoyment of 
foods and to relieve organic distress 
produced by dietary deprivation. In 
general, rats develop drives to run to 
foods which they /ike (find enjoyable) 
rather than to foods which they need 
(require nutritionally). There is, how- 
ever, a positive correlation between what 
rats like and what they need but not a 
one to one relation. 

3. The strength of drive in running 
to a food varies directly with the de- 
gree of enjoyment (intensity of affec- 
tive arousal) of that food. Rats run 
faster in approaching a highly palatable 
food and accept it more promptly than 
in approaching a less palatable food. 
Consistent differences of palatability 
are apparent at all levels of practice. 

4. Affective arousal, conceived in 
terms of brain dynamics and resting 
upon biochemical conditions, is inti- 
mately related to the organizing or dis- 
organizing of psychological processes. 
Behavioral patterns are organized which 
continue and preserve enjoyment and 
relieve distress. 
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5. Learning is defined as a modifica- 
tion of behavior and of neural organiza- 
tion which depends upon exercise, par- 
ticularly upon practice or training. The 
making of an organized response, re- 
gardless of how it became organized and 
regardless of its motivation, results in 
learning. 

6. The strength of a food-seeking 
drive, as measured by the rate of run- 
ning to food and the latency of food ac- 
ceptance and by preferential food se- 
lection, depends upon two independent 
variables: the intensity of affective 
arousal by food contacts, and the num- 
ber and temporal distribution of runs 
to food. 

These same two factors—affective in- 
tensity and practice—regulate the pref- 
erential food selections of the rat. 

7. The intensity of affective arousal 
is correlated directly with the strength 
of food-seeking drive but not at all with 
the rate of learning. If the frequency 
and distribution of runs are held con- 
stant, rats do not /earn faster to run to 
one kind of food than to another. At 
all stages of practice, however, rats run 
faster to the more palatable food and 
they accept it more promptly than the 
less palatable food. This means that 
affectivity is primarily related to mo- 
tivation and secondarily to learning. 

8. Specific food-seeking and _ food- 
selecting determinations are developed 
through practice. When a trained rat 
is placed in a familiar apparatus the 
environmental stimulus-patterns redinte- 
grate an.organic set of preparation and 
expectancy with alimentary and pro- 
prioceptive components. There is a 
proprioceptive tension which, we as- 
sume, varies in degree with the strength 
of drive. Moreover, rats act as if they 
were expecting a particular kind of food 
and not just food in general. 

9. Relative food acceptance can be 
investigated as a part-of an objective 
psychology of the affective processes 
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with a minimum of hypothesis. The 
parameters of food acceptance form 
three main groups: intra-organic condi- 
tions, environmental (palatability and 
non-palatability) conditions, feeding 
habits and attitudes. The theoretical 


views expressed above rest squarely 
upon the analysis of laboratory findings 
and a test of their adequacy can be 
made in further investigations. 
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concerning 
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Thirty-two issues of the Psychological Review 
became out-of-print in 1948. Libraries and insti- 
tutions ordered 11 sets of “all available issues,” 
and $82 issues had fewer than 11 copies. 


The American Psychological Association does 
not plan to reprint missing issues. At the rate of 
sale established for 1948, 24 more issues will be- 


come out-of-print duriag 1949. 


The list of availa ic issues of the Psychological 
Review, as found on the back cover of this jour- 
nal, agrees with the inventory of December 31, 
1948. 
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